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'PREFACE
Objective:
1. To determine whether ERTS data can be used to characterize
parameters affecting watershed runoff.
2., To compare the pérformance of hydrologic models when
routine manually determinsd parameters are used versus when ERTS

derived parameters are us=d.

Scope:
The study was based on the hydrologic data pertaining to 20

highly instrumented watersheds located in central Oklahoma. Data
from one group of 10 watersheds was related to linear combinations
of mean digital MSS data to develop a prediction scheme for water-
shed runoff coefficients. 7Two storm runoff equations were fitted
to the watershed data to arrive at measured coefficients that
represented watershed surface conditions. The SCS storm runoff
equation was used in this study to illustrate that with dry surface
conditions the coefficient commonly called the runoff curve number
can be related to ERTS-MSS digital data. Predictions based on the
relationship found in two ERTS scenes were tested on the remaining

10 watersheds.

Conclusions:

Predictions were significantly improved over the runoff curve
numbers calculated by conventional means, and major improvement in
estimates of flow into flood control works is possible. The use of
the technique produces objective estimates of watershed runoff that

~can be repeated. This study was not extensive enough to determine

iii



if dense vegetation on watershed surfaces will limit the application

of the technique.

Summary of Recommendations:
A follow-on study to test the prediction technique on heavily
vegetated watersheds and determine the extent of the regions where

the technique can be used.
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1.0 Introduction

Engineering works for the control of flood waters have
been built throughout several centuries, but never at the
pace that will be required to protect life and food production
capacity for our fast growing world popalation. Safe and
economical design of flood control structures such as dams,
diversion dikes, and conveyance channels require reliable
estimates of flood flows that can be expected from the water-
shed areas above the structure. To gain some understanding of
water supplies and watershed runoff, many hydrologic meaSuré-
ments; river stages, flow volumes, rainfall and snowfall, and
topographic measurements have been accumulated in recent times.
The hydrologic measurements available today pertain primarily
to large river basins and, in some instances, drainage areas
of smaller watersheds in regions that have historically high
density populations.

Long periods of record, 30 years or more, are desirable
to establish the rainfall-runoff relations that can be expected
in both high and low rainfall seasons. Instrumentation and
manpower to gather and compile adequate hydrologié records are
expensive and time consuming, therefore, watersheds selected
for monitoring are usually those where the need for data is
most critical. The more developed countries of Europe and
North America have never had resources available to accumulate
watershed runoff data to meet future needs, while under-
developed nations have even less data to use in the design of

flood control structures.



The United States Geologic Survéy (USGS) has been the
primary agency responsible for gathering watershed runoff
information in this country. Their efforts prior to the last
decade were directed toward data collection for large basins
where the Department'of Interior or the U. S. Army Corps of
Engineers would be responsible for designing flood contr61
works. Runoff from tributary watersheds has been recorded
by the USGS on only a small percentage of the tributary water-
sheds as funds would permit.

The United States Department of Agriculture (USDA) on
the other hand, has monitored rainfall and runoff from many
small drainﬁge areas. The small drainage areas usually con-
sisted of a so-called unit source area having uniform soil and
cover. Their interest was in the drainage area rainfall-runoff
relations needed to design small detention and control structures
for farmers either to control erosion or provide water for live- -
stock. The United States theréfore has rather extensive Tecords
of runoff from most large river basins and numerous small unit
source areas. Runoff records for agricultural watersheds with
1.0 to 500 square kilometers in drainage area are generally not
available.

Runoff and flood flows from small agricultural watersheds
have, in recent years, become an important concern of the agfi-
cultural and small town property owners. The control of floods
by construction of numerous small detention structures on
branches of a tributar? watershed has become.an accepted prac-
tice. At the same time, runoff from small watersheds has become

important as a water supply for municipalities.



Reliable projections of the quantity and rate of runoff
from the surface of the land into rivers and streams afe
difficult to obtain for ungaged watersheds. However, this
information is needed in the design of any structure located
in the vicinity of a water‘course; for éxample, the storage
capacity of municipal water supplies and flood detention
structures. When projections of runoff are questionable, the
storage capacity of such structures is (uite often overde-
signed. Overdesign not only increases construction costs,
but may also lead to significant reduction in the flushing
. action.needed to maintain good water quality in structures
where inflow is initially saline and evapération rates are
- high.

Examples of overdesign are frequently observed through-
out the Great Plains. In the central reach of the Washita
River basin, a wafer supply reservoir for the city of Chicka-
sha was completed in 1958. The history of runoff into this
structure for the past 15 years shows that the anticipated
runoff exceeded the observed by several times. As a result
of the overdesign and other related problems, the salinit} of
the stored water has increased sufficiently to preclude use
as a municipal water supply and even sometimes as an irfigation
source.

In an adjacent watershed, Sugar Creek, a study of the
response of a large number of flood detention structures to
a large storm on September 19-20, 1965 shows that the inflow

was only about one-half that expected.



The quantities and rates of runoff that are used to design
structures such as these are estimated from various types of
watershed runoff models. These models ére mathematiéal equa-
tions, generally of an empirical form, Eased on the drainage
area, topography, soil and cover of the'subject watershed.
Usually, parameters of these models represent drainage area
and surface conditions prevailing at the time of a rainfall
event. The integrated influence of thege characteristics com-
bined with measurable climatological parameters (rainfall, .
antecedent moisture, rainfall intensity, etc.) can produce
reasonable estimates of storm runoff. ELfforts have been made
to quantify the integrated influence of soils, cover and sur-
face roughness. However, at the present time, no objective
means exists for estimating this influence. Present methods
for estimating this influence are tedious, expensive and
subject to judgment of the hydrologist.

The problem of subjectivity associated with present
methods that are used to derive coefficients of runoff equa-
tions may be circumvented by applying digitized data obtained
from ERTS. Even though hydrologic analysis based on photo-
graphic data obtained from ERTS suffers from the samé
subjectivity as do the existing methods, data obtained from
the multispectral scanner, MSS, on board the satellite can
provide digital data that can be incorporated into mathe-
matical equations. This type data is less subjectively

biased than are the other types of data.



The ERTS multispectral data is also superior to aerial
d1g1ta1 data collected prior to ERTS benause the relatively
constant sun angle within an ERTS frame, caused by the
satellite's sun synchronous orbit, eliminates many of the
Problems in comparing the spectral reflectance from watershed
surfaces. The ERTS éata has additional advantages in that
there is sufficient spatial resolution %o allow the identifi-
cation of watersheds as small as 10 hectares, and yet the
number of data p01nts depicting a large watershed are reduced
to a manageable number. '

This study was conducted to investigate the possibility
of using ERTS-MSS digital data to define the coefficients for
watershed runoff models used on small urigaged watersheds and
thus provide economical and timely data for planning and
design of flood detention structures.

Estimates of runoff from small watersheds are usually
made either by use of a simple empirical runoff ﬁodel or by
use of the modern complex watershed models. The empirical
watershed moaels are widely used by praciicing hydrologists.-
Numerous brief models have been developed in the last century,
however, one in particular, developed by the USDA Sbil Conser-
vation Service (SCS) is most commonly used in the United
States (Mockus, et al., 1971).

The SCS equation:

- 2
Q= {528 (1)



where S l.ggﬂ - 10

Q = storm runoff (cm/2.54)

weighted storm rainfall (cm/2.54)

storage in the watershed surface (cm/2.54)

€
"

CN = function of soil, cover, antecedent moisture
(dimensionless)

All of the many empirical runoff equations represent the
influence of near-surface storage by uss of one or more
coefficients. In this equation, the coefficient, CN, commonly
called the curve number is a function of the surface character-
istics of the watershed at the time a storm event begins. _Nb
attempt is made to describe the dynamic-changes in storage
through the storm period due to changes in infiltration rate
in the soil, depletion of available storage in the vegetation,
or depletion of storage in the soil. |

The SCS runoff equation was developed from data collected
on small plots located in several régions with a variety of
soils and cover. Tables were developed from these data to
define the influence of soil type, vegetative cover, and ante-
cedent moisture conditions. To apply the equation, each unit
of area with a single soil type and single cover must be assigned
its own curve number. The areas and curve numbers are tabulated
for an entire watershed drainage area and the curve numbers are
weighted by area to determine an average curve number for the
watershed. Thus, the computation of the watershed curve number
‘is not only dependent on the judgment and experience.oflthe
hydrologist, but also is time consuming and subject to computa-

tional errors.



The goal of this study has been directed toward develop-
ment of a technique where the coefficient CN for the SCS

runoff equation can be determined objectively from ERTS data.



2.0 Approach:

" The problem was approached by first assumiﬁg that differ-
ences in the soil-cover complex over a watershed area would be
detectable by differences in reflectanc: of visible and/or
near infrared light. The reflectance in each band of light
available from the digitél data of the ERTS multispectral |
scanner could then be averaged over a watershed drainage area
to provide a single value for comparison to measured watershed
runoff coefficients.

Twenty watersheds with extensive measurements were
selected to represent the widest range of rainfall-runoff
response experienced in central Oklahoma. The watersheds
were then to be divided into two comparéble groups of 10, each
group having as hear as possible, the same range of sizes and
the same range of runoff coefficients. Group I watersheds
would then be used to distinguish and develop a relétionship
between the coefficients of a runoff equation and MSS data.
Group II watersheds were set aside for verification.

To accomplish this, storm rainfall, storm runoff, rainfall
intensity, and antecedent rainfall would be calculated and com-
piled for the available period of record on each of the 20
watersheds. These data would provide the basis for evalﬁating :
the actual rainfall-runoff response of each watershed aﬁd
determine the measured curve number (CN) for each watershed.
These data would profide the basis for grouping the watersheds
and also be sufficient to evaluate other simple empirical

runoff equations by fitting the data to the equations and



optimizing the coefficients. Existing computer progfams for
optimization were available for processing these data.

Processing of the MSS digital data was planned in several
steps. First, to elininate the costs of handling large volumes
of digital data, 70 mm black and white photographs'of MSS-5
data were requested to screen the available Supply and limit
the study to cloud-free scenes representing all seasons of a
year. Secondly, computer programs would be deveioped to ideﬁti—
fy, extract, and isolate the digital data that represented each
watershed drainage area. A technique would be developed where
watershed boundaries could be mapped on an overlay for a dis-
play system allowing selection of coordinates for a series of
points that would define the boundaries of the location of data
on the digital tape. Computer programs could then be written
to excerpt the pertinent data, store it in separate files_and
compute the mean gnd standard deviation of each band over the
surface of the individual watershed.

It was then proposed that the linear combinations of mean
spectral response from the four bands would be examined by
multivariate analysis techniques and simple curve-fitting tech-
niques to find the best relation between the MS3S data and
watershed runoff coefficients. Only data from Group I water-
sheds would be used to develop the relations. If an acceptable
relation existed, it was then to be used as a prediction scheme
on the Group II watersheds. Both predicted coefficients and

coefficients developed by the conventional SCS procedure would



be compared to measured coefficients to determine if the

remote sensing technique could determine coefficients as well

~ or better than the conventional method.
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3.

0

Ground Truth and Data Processing
3.1 Basic Data

Ground truth for this study consisted of recorded hydro-
logic data collected by the Agricultural Research Service
(ARS) from the 1961 through 1972 time period. The 20 water-
sheds used are located in Grady and Cad&o Counties in central
Oklahoma. The watersheds generally repfesent small tributary

watersheds of the Southern Great Plains area. Mean annual

‘rainfall in the area is 78 cm.

Two hundred and fifty-six storm events were selected
from the records of the 20 watersheds. Storm events were
selected on a basis of weighted mean storm rainfall greater
than 3 cm. and measured runoff greater than .03 cm. The
number of acceptable events ranged from 9 to 21 events per
watershed.
3.2 Data Compilation

Data compiled for each storm event used included weighted
méan rainfall, runoff, antecedent rainfall index (30-day,
decayed), antecedent rainfall index (5-day sum), and maximum
hourly intensity. Drainage area above farm ponds varied.from
0 to 40 percent of the total drainage area within each water-
shed. Farm ponds would modify runoff to a different extent
on each watershed, therefore runéff was adjusted fo an esti-
mate of the contributing area using records of farm pond
storage. The 30-day antecedent rainfall index (Linsley, et él.
1949) was computed by depleting the residual rainfall index
daily by a seasonally varying tonstant. The constants used

were derived from an inverse mean daily temperature.
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Antecedent rainfall index calculated in this manner is usually
more realistic than simple summation of prior rainfall over
some period of time. An antecedent precipitation index was
calculated for the entire study area and values were selected
for each day an ERTS scene was taken. Antecedent precipita-
tion index values for the day of each scene used in this study
are listed in table 1. Summation of rainfall for tﬁe S-day
period prior to each storm was compiled for these storms since

the SCS procedure uses this index to account for prior rainfall.

Table 1. Antecedent Precipitation Index for Scene Dates

Scene Number Date 30-Day API (cm/2.54)

1058 09-19-72 .028

1094 10-25-72 2.27

1184 01-23-73 1.94

1256 04-05-73 . 1.19

1274 04-23-73 .928

1400 08-27-73 | .0180

1508 12-13-73 1.063

3.3 Curve Numbers Calculated

The rainfall and runoff values were used in the SCS runoff
equation (Equation 1) to calculate actual curve numbers for
each sform event. It is apparent from a study of these events
that conversion from one class tco another in the SCS routine
is not appropriate to storms in this study area unless a lafge

number of storms have occurred in each antecedent condition

12



class. A large majority of the events were in the Class I
category of antecedent precipitatioﬁ index used by SCS.
Therefore, only Class I storms were used to derive mean curve
nﬁmbers for watersheds in this study.

3.4 Curve Numbers by Conventional SCS Method

The Soil Conservation Service had rreviously determined
conventional runoff curve numbers for 1! of the watersheds used
in this study. These were furnished to ARS along with soils
.maps and photo mosaics of each watershec for computation qf
curve numbers for the‘remaining 8 watersheds by the conventional
SCS method. Land use was interpreted from colﬁr and color IR
photographs taken on the ERTS aircraft gupport flights. Singu-
lar soils - land use classes were identified, assigned a curfe
number and the area of each class measured. Weighted mean
curve numﬁers were thgn calculated from these data.

A listing of the curve numbers calculated from measure-
ments and those calculated by conventional SCS techniques can
be found in table 2.

3.5 A Second Runoff Equation

Attempts were made to fit another runoff equation to the
data using precipitation, 30-day antecedent precipitation, and
maximum hourly intensity as variables. Very poor results were
obtained after trying several linear combinations of the vari-
ables., Ultimately the intensity was deleted and runoff was
fitted to rainfall alone, then deviations in predicted runoff

from measured runoff were fitted to the 30-day decayed

13
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Table 2. Summary of Watershed Data*

Watershed Drainags Percent DA  Measured Conventional Constant
Number Area (km‘) - above Ponds - CN (Eq.1) CN (Eq.1) - C (Eq.2)

Group I
206 - .110 n.0 53,6 61 .034
207 L0777 0.0 75.8 86 122
111 67.3 26. 4 60.9 71 .038
141 190. 20.0 58.0 74 .023
512 91.2 - 3.4 67.2 74 .050
513 49.7 34.4 65.7 74 .054
5141 16.4 28.2 61.5 74 .041
5146 3.08 31.1 63.8 73 .068
522 539. 19.5 57.1 75 .031
612 2.28 20.7 66.7 74 .057
Group II | |
205 .0959 0.0 54.4 61 . 039
208 .0749 0.0 77.4 83 147
121 534, 21.2 58.6 78 .023
311 65.5 | 4@.7 69.6 77 078
511 154. 34.4 69.4 75 .082
5142 1.39 45.4 59.4 76 027
5143 1.97 33.7 56.3 68 .021
5144 5.90 38.4 62.8 76 .066
611 19.6 31.3 70.2 77 .065
621  B86.2 20.6 67.4 77 .057

*A11l values other than drainage area are dimensionless.

14



antecedent precipitation thus leading to the exponential values
to relate runoff to precipitation and antecedent precipitation.
These exponents were derived using all 256 storm runoff events.

The resulting equation was in the following form: .

in which Q

watershed storm runoff (cm/2.54)
C = a dimensionless coefficient representing
differences in watershed conditions

P = weighted mean storm rainfall (cm/2.54)

API 30-day decayed antecedent rainfall index
derived using inverse temperature curves to
adjusf for seasonal variations (cm/2.54)
The exponents were then fixed in Equation 2 and a mean coeffici-
ent fitted for each watershed (Table 2). The coefficients and
exponents accepted for this simple equation predict runoff that
has a multiple correlation with the measured runoff of .7220,
whereas the SCS equation using curve numbers accepted for :his
study produce a multiple correlation of .7112 when compared to‘
the measured runoff. This indicates the two equations used
are of comparable quality for predicting storm runoff in this
region. Use of only one or two storm parameters cannot be
expected to produde better results than this.
3.6 Map Requirements

Maps were obtained for each of the watershed areas. The
coordinates of a series of points defining the watershed

boundaries and major stream channels were selected on a chart

reader to produce a card deck for each watershed. These data

15



decks were stored on disk files and used as control for a
plotter program to produce overlay maps. Overlays were then
plotted to match the scale of ERTS data displayed on a tele-
vision screen or to match a conventional grey scale computer
printout. Location of major water bodiés.in or near the
watersheds were also mapped to aid in pcsitioning the boundary

overlay.

16



4.

0

ERTS Data Processing
4.1 Data Screening

Microfilm of the ERTS scenes and the data search system
available at Goddard Space Flight Center were useﬁ for pre-
liminary screening to select relatively cloud-free scenes
over the study area. Nine-inch photographs of the data ﬁere
then used for a second look before bulk digital tapes of the

MSS data were ordered.

4.2 Digital Data Selected

Multispectral digital data for the watershed areas were
obtaihéd from the ERTS scanner for seven scenes that covered

the study area. Each scene represented major changes in soil

moisture and vegetative conditions. The first scene, 1058,

dated September 19, 1972, shows a dry dormant condition with
almosf no ground cover. The second scene, 1094, dated Octpber
25, 1972, provides data with essentially the same ground cover,
but extremely wet conditions. The third scene, dated January
23, 1973, showed minor growth in winter wheat fields and wet
conditions. The scenes, 1256, dated April 5, 1973 and 1274,
April 23, 1973, showed substantial ground cover for crops,
pastures, and timber. One of the growing season scenes was
extremely wet and one moderately dry. The last two scenes,
dated August 27, 1973 and December 13, 1973 show extremely
heavy vegetative growth on cropland for the‘fall and winter
seasons., Table 1 1ists the calculated 30-day antecedent
precipitation index associated with each scene used. Reflec-

tance in the near infrared, band 7, was relatively high in

17



the grassland areas on the fall scene, indicating moré.grqwing
‘vegetation than on the scene from the previous‘fall‘-
4.3 Data Processing Approach

The MSS data from ERTS were obtained in the form of
sequential and adjoining tapes that were laced together with -
the aid of a computer program (MERGE, Appendix) forming a
single file for each watershed area. Due to the nature of
the problem, it is very important to keep the relative position
of the data points correct and to be able to accurately define
its location within a watershed. Without this, coordination
of ground truth and spectral response would be impossible{
Since the methods used to display the MSS digital data present
an image enlarged in the cross-track axis, the maps déﬁeloped
as part of the ground truth data were also enlarged in the
cross-track axis before-they were used to locate wgtershed
boundaries. | | |

Data sets for the laiger watersheds were obtained by dis-
playing the entire ERTS frame for the‘area of interest on a
television display. The portion representing the‘watershed
was isolated using the distorted maps and a computer program
{OKLAH, Appendix). The computer program represents the water-
shed boundary by a series of adjacent parallelograms. About
20 parallelograms seem to be enough to adequately define the
watershed boundaries (Fig. 1). This program stores the
watershed data on a secondary tape in a rectangular file
placing zero values in all data points outside the watershed .

boundary. The ERTS data format is retained on the secondary:

18
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Figure 1. Display of MSS 5 data for Watersﬁed 512
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tape so the data pertaining to the watershed areas can be
displayed on the screen for visual verification that the data
selected covers the entire watershed drainage area.

Data sets for the small watersheds were more easily
obtained by dispiaying the ERTS data on computer printout and
overlaying it with distorted maps. In both procedures, ponds
and channels aid significantly in locating specific points
that assure proper selection of the watershed boundary points
on the MSS data tapes. In some data sets, stream channels are
difficult to locate in grassland areas; a study of the ERTS
data showed that MSS band 5 resolved the Stream channels and
ponds sufficiently well to position the overlay. However,
during the growing season, (MSS band 4 + MSS band 5)/MSS band 6
enhanced the resolution of the stream channels. Although
cumbersome, the system described for small watersheds will work
to locate larger watersheds if a display system is not avallable.
Ratioing bands 5 and 7 alseo helped to enhance some scenes where
51ngle bands offer little contrast.

A simple computer program (Mean 4, Appendix) was used to
calculate the mean and standard deviation of the digital values
for each band from the digital vaiues stored on the secondary
tapes. Computations were made for each watershed on all scenes
used in the study. These values were considered as the basic
set of multispectral scanner data that would be compared to
the hydrologic data. A summary of these data from the seven
scenes can be found in the Appendix.

The MSS data from scene 1058 was used as a base to deter-

mine if all data points were necessary in the computation of
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mean values for each watershed. From each of the watersheds
represented by more than 5,000 data peints, 256 independent 
samples were selected. By calculating the means, sample size,
‘and standard deviation of each sample, then combinihg adjacenp
pairs of samples and repeating the process, the change in the
mean and standard deviation with change in samplgng frequency
was observed. Less than 1 percent change in the mean occurs
between any sample greater than approximately 2,500 data points
and the sample that includes all data points in the watershed.
In an operational system it seems reduced sampling could there-
fore be used to cut computer costs when studying 1afge watersheds
without impairing the quality of the data.
4.4 Aircraft MSS Data

Aircraft tapes from the 24-channel MSS flown in support of
this project were converted to an ERTS-type format for display
on the Dicomed. The data quality seems to be erratic and
unusable for a complete watershed area.

The aircraft MSS data was, however, useful for a data base
in an incidental water quality study. Digital values were
punched on cards for a few selected areas that contained ponds
where water quality samples were collected near the time of
the flight. A technique for processing of the data over water
bodies was developed where distribution of the digital values
in each band was defined and only the values falling within

one standard deviation from the mean were used in the analysis.
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5.0

Analysis
5.1 Multiple Discriminant Analysis

Since the objective of this study is to see if MSS data
can be used to calculate parameters of a runoff equation,
several means of relating the two data sets were used. Dis-
criminant analysis, which can be used to study group similarity
or difference and relate this to group descriptors, was used.
to examine the MSS data of the watersheds having extreme

differences in observed runoff coefficients. Using a modified

multiple discriminant analysis program (Cooley and Lohnes, 1962),

good discrimination was observed between these watersheds when
MSS bands 4, 5, and 7 were used in the linear discriminant
functicn. The good discrimination was found in the dry dormant
scenes, however the same band also produced the best discrim-
nation in other scenes.

Multiple discriminant analyses considering each of the 10
deveiopmental watersheds as an independent group showed very
significant group discrimination. However, the discrimination
did not appear to be related to the runoff coefficients. There
was no multiple discriminant analyses program available that
would evaluate two groups of 10 watersheds and maintain the
ranking of the dependent variable (in this case, the runoff)
within each group.

5.2 Curve Fitting

Alternatively, plots of the mean value for each band vs.
the observed runoff coefficient were made. Since it appeared
there might be a relationship, all possible combinations of

the means were plotted. Two promising relationships were
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evident. The mean of MSS band 5 (uSJ minus the mean of MSS
band 4 (u4) is reasonably well related to the SCS runoff curve
number for the watersheds in Group I. This relationship is
most evident in the dry dormant scene 1058. The combination
ug +* ug - (ug + 2uy) produces a more consistent relationship
when all scenes are considered. Both linear combinations of
the bands were used to define prediction curves for scene 1058
(Fig. 2).

Scene 1058 occurred at a time when the 30-day antecedent
'precipitation index was extremely low. Data from scene 1400
acquired nearly a year later also represented extremely dry
conditions. Live vegetation was more prevalent in scene 1400
than in the prior year, however, the 30-day antecedent rainfall
index was .028 and .018 for scenes 1058 and 1400, respectively.
Some cloud cover was found on scene 1400 and watersheds 611 and
612 could not be identified. Therefore, data from only nine
watersheds in each group are available for analysis of this
scene,

Figure 3 illustrates that a similar relation to the one
found in scene 1058 can be described by using eight of the nine
data points. The one data point that plots as an outlier
belongs to watershed 111. The shift in this point is likely
due to the influence of cloud cover, therefore it was not con-
sidered when locating the curves. A summary of the data used

to plot the prediction curves is presented in table 3.
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Figure 2. The relations of MSS data from Séene 1058

to measured watershed runcoff curve numbers.
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Figure 3. The relations of MSS data from Scene 1400 to
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97

Table 3. Data Base for Prediction Curves - Group I

5146

Watershed No. 205 207 111 141 512 513 5141 522 612
Scene 1058

Ug-H4 .18 5.17 .49 .43 1.66 1.09 .81 .75 -.11 1.97
u5+u6-u4-2u7 .60 7.18 .74 .18 2.36 1.56 1.34 1.28 .07 2.96
Coefficient 1

(Measured CN) 54,4 75.8 60.9 58.0 67.2 65.7 61.5 63.8 57.1 66.7
Coefficient 2

{(Conventional CN) 61 86 71 74 74 74 74 73 73 74
Scene 1400

UG-y -5.80 .00 -2.36 -4.68 -3.95 -3.92 -4.72 -4.91 -5.38 --
u5+u6-u4-2u7 -7.62 1.32 -1.98 -5.47 -3.85 -3.75 -4.71 -5.71 -6.16 --




5.3 Prediction of Curve Numbers for Test Watersheds

Using data from scene 1058, both relationships illustrated
in figure 2 were verified on the Group Il watersheds (Figs. 4
and 5). In figure 4, using two bands of MSS data, predictions
deviated an average of 4.13 units (absolute) from the measured
values. In figure 5 when the predictions were based on using
four bands of data, they deviated an average of 3.17 units
(absolute) from the measured values.

Curve numbers were then predicted for the Group II water-
sheds by using the relationships developed from data for
scene 1400. The predicted values and the conventional SCS
curve numbers were plotted versus the measured curve numbers
(Figs. 6 and 7). The average deviation of the predicted values
from the measured curve numbers was 4.59 units (absolute) wﬁen
using two bands of MSS data and 3.70 units (absolute) when using
four bands of data. The average deviation of the predicted
values can be compared to an average deviation of 10.72 between
the conventional and measured values.

The predicted curve numbers for the Group II test watersheds
are summarized in table 4. These data were uéed to plot figures
4, 5, 6 and 7.

Similar plottiﬁg techniques were used to examine the
relation of the coefficient for equation 2. The results were
comparable, however the relationships are not well defined and
none seem as promising as the relationships found using

equation 1.
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CONVENTIONAL AND PREDICTED CURVE NUMBERS
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Figure 4. Comparison of conventional 5CS curve numbers

to curve numbers predicted with 2 bands of -
ERTS-MSS data (Scene 1058)
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Figure 5. Comparison of conventional SCS curve numbers

to curve numbers predicted with 4 bands of
ERTS-MSS data (Scene 1058)
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to curve numbers predicted with 4 bands of
ERTS-MSS data (Scene 1400).
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Table 4.

Measured and Predicted Runoff Coefficients - Group II

Watershed No. 206 208 121 311 511 5142 5143 5144 611 621

Scene 1058

Predicted CN '

(ug-uyg) 49.6 69.0 62.2 72.9 70.6 62.9 49.0 60.6 64.6 69.6
Predicted CN

(u5+u6-u4—2u7) 51.6 68.8 58.1 72.8 69.8 63.9 49.1 62.9 65.6 68.5
Scene 1400

Predicted CN : :

(ng-ug) 56.7 65.8 67.9 71.6 72.8 53.3 58.4 62.9 -- 68.0
Predicted CN

{ugtug-ug-2uq) 55.0 67.2 65.1 75.1 71.9 59.8 61.6 62.7 ~- 68.8
Measured CN 53.6 77.4 58.6 69.6 69.4 59.4 56.3 62.8 70.2 67.4
SCS CN 61. 78. 77. 75. 76. 68. 76. 77. 77.

83.




5.4 Secondary Testing of the Prediction Scheme

In the introduction it was mentioned that runoff into a
large number of flood detention structures on Sugar Creek was
normally about one-half what was expected when the structures
were designed. To further check this prediction scheme, the
digital data for the subwatersheds on Sugar Creek watershed
No. 121 were examined. Data from scene 1058 was used. A grey
scale map of the Sugar Creek area was printed and an overlay
was used (Fig. 8) to select data points within each small water-
shed. The mean difference between values of band 5 and band 4
was calculated for each subwatershed.

Long-term hydrologic data on the subwatersheds was not
available. A severe storm had occurred over the area in 1965
where rainfall records from a 3-mile rain gage grid were
available and high water marks in the flood detention structures -
had been collected. The change in storage volume and the
weilghted rainfall were used calculate the measured runoff
curve numbers. Curve numbers based on this type of data are
not considered as reliable as curve numbers calcglated from
long-term records. Using the mean difference calculated for
each subwatershed from the MSS data as entry points to the
prediction curve in figure 2A, a predicted runoff curve number
for each subwatershed was obtained. The conventional SCS curve
numbers and predicted values were plotted versus the measured
curve number (Fig. 9) to illustrate the improvement possible

by using the ERTS, MSS data.

33



Figure 8. Grey scale printout with map overlay of the
Sugar Creek subwatersheds used to test the
prediction of runoff curve numbers with
ERTS-MSS data.
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Figure 9. Comparison of SCS design watershed runoff

curve numbers to curve numbers predicted
using 2 bands of ERTS-MSS data.
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‘The average absolute deviation of predicted values from
the measured runoff curve numbers was 10.18. Average devi-
ations of the conventional curve numbers for the subwatersheds
was 24.08, Figufe 9 shows that only 3 of the 22 subwatersheds

have predicted values slightly under their measured value.
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6.0 Comments énd Conclusions

At the time this experiment was proposed, several factors
important to the outcome were not fully recognized. First, it
seemed that the multiple discriminant analysis computer programs
could be used to find the ultimate equation that would define the
relationship of ERTS-MSS data to watershed runoff coefficients.
These programs will identify the variables that obtain best dis-
crimination between members of a group, however, the dependent
variable is not confined to a ranking. When more than two sets
of watershed data are used, a linear combination of the independent
variables may produce the best discrimination, but result in a
change in the ranking of the dependent variable. The system,
therefore, is excellent as a search routire using the high and low
runoff-producing watersheds to indicate feasible linear combinations
of the MSS data. In its present form the program does not necessarily
indicate the best linear combination for prediction of the depéndent
variable when several watersheds are considered.

Secondly, it was assumed that an empirical equation including
more storm parameters than rainfall amounts would predict étorm
runoff better than the SCS runoff equation. The data available for
the 20 watersheds was not adequate to develop an equation that pro-
duced improved results. Equation 2 includeé the influence of
antecedent precipitation which is not incorporated in the SCS
equation, aﬁd still does not produce better estimates of storm
runoff than the SCS equation.

The quality and number of usable scenes of the ERTS-MSS data
was also underestimated prior to the launch. In fact, it now seems

that the lack of adequate long-term rainfall and runoff records
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on small watersheds may, in somé instances, be the limiting factor
in making full use of MSS data for watershed runoff estimates. To
calibrate the ERTS data and apply the technique developed in this
study, records are necessary on several watersheds with a range of
runoff producing capability from the lowest to highest runoff curve
numbers within each ERTS scene.

Thé similarity of the curves in figures 3 and 4 indicate that
the technique used in this study is repeatable in scenes where dry
surface conditions exist. The slope of the curves in these figures
also illustrate the fact that the prediction curves based on spec-
tral differences using all four bands of data are more sensitive
than curves based on two bands. The digital values in all bands
for scene 1400 were very large in comparison to the digital values
in scene 1058. The shift of digital values from one scene to
another is evident in all seven scenes, but the shift does not
seem related to surface moisture conditions.

The good relationship between the linear combinations of digital
data occurred only in the dry scenes. Table 1 shows that scenes
from the late spring or summer when vegetative growth was heavy
were all representative of relatively wet conditions. These data.
are inadequate to isolate the influence of vegetative growth, thus,
heavy vegetation must at present be considered as a possible 1imi-
ting factor in application of this technique. These data do
indicate that wet surface conditions 1limit the application of the
technique during the dormant season. Scenes 1094 and 1184 repre-
sent essentially the same sparse vegetative cover that existed in

scene 1058, but both winter scenes represent wet surface soils.
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The relationships developed with scene 1058 data do not exist in
the wet scenes.,

When the prediction scheme was tested on the Group II water-
sheds, both linear combinations of MSS bands predicted runoff curve
numbers better than the conventional calculated curve numbers.

When predictions based on two bands of data (Figs. 4 and 6) are
compared to predictions from all four bands (Figs. 5 and 7), it is
apparent that the four-band system underpredicts less frequently.
Underprediction of curve numbers by more than five units may pro-
duce unexpected high flows through the emergency spillway of flood
detention dams that may peopardize the structure. The most desirable
prediction scheme would produce values that would fall on or
immediately above the optimum design line in these figures. To
reduce the risk of underdesign in an operational system, the pre-
diction curve (Figs. 3 and 4) could be shifted to the right until
all data points fall on the left side of the curve.

The testing of the predictions for the 22 subwatersheds of
Sugar Creek offers more substantial proof of the validity of the
technique. These subwatersheds are all above existing SCS flood
detention reservoirs and represent a range of drainage area-size
common to structures built by SCS under present laws. Figure 9
illustrates that predictions based on ERTS data reduced overesti-
mation of curve numbers by more than a factor of 2.36. Curve
numbers underpredicted were 1.2, .45, and 3.0 units below curve
numbers determined by the one severe storm. These underpredictions
would not be considered serious.

Due to the form of the SCS equation, the influence of the

improved curve numbers is nonlinear. If a watershed has an actual
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curve number of 50, an overestimation of 20 units will produce a
calculated runoff of approximately 7.12 cm from a 15.24 cm rain-
fall, while an overestimation of 10 will produce calculated runoff
of approximately 4.8 cm. The actual runoff would be approximately
2.9 cm. The storage volume would be overestimated 146 percent for
20 units change in curve number and only 68 percent for a change
of 10 units. The improvement in prediction cf runoff is greafer
than the linear improvement in the estimation of the curve numbers.
In summary, this study has shown that when dry surface con-
ditions exist, linear combinations of MSS digital data can repeatedly
be related to the watershed runoff coefficient used in the SCS storm
runoff equation. Predictions based on the relationship between
ERTS-MSS data and measured watersheds can improve SCS runoff curve
numbers by more than a factor of two over curve numbers calculated
by the subjective conventional methods. The improvement in esti--
mating curve numbers can significantly improve estimates of runoff
necessary for the design of flood control structures. The technique
developed in this study may be limited by reflectance from dense |
vegetation and should be tested to define the influence of dense

vegetation on the results.
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60a9
550
€72
6547
§leb
£3.8
5701
Ebe7

CREF1
53¢e8
7ok
586
£9q:5
69ak
5904
5603
62.8
TQa2
67 otr

COEF2
Gle
B6oa
T1le
T4
Tée
The
Tia
73
730
T4

COEFZ
6la
834
788
TTa
750
T
58
760
17
776

CCEF3
QaC39
O.122
QeC38
023
0050
Q0a054
Ce041
0eC&E3
Qs032i

CeC27

CCEF3
CeD24
Qale?
DeDL3
Qa(78
0.C82
QaCZ2T
Qo021
Gels4
Qo6
0.097

£V



§00d 40
Ty NIDTE0

RIYTVOD

a1.80vd

WS
205
207
111
141
512
513
5lal
5las
522
elz

W5
206
208
121
211
511
5142
5143
5l44
611
621

SUMMARY QF ERTS=MSS

MSS=¢4
3081
34038
33618
3le3s
30ae21
30618
30018
3Del6
32465
30050

M55=4
30a84
3Qe0é2
32:55
31.06
3062
30627
306045
20005
292098
30084
W§ soo==
COEF]l ==
COEFZ ==
CCEF3 ==

M&55=5
30678
43a43
340641
3402
3103
3098
30.72
3083
3271
3129

MES=5
31.06
33,22
36:40
21022
31639
30:01
30663
30sb4
300432
33.94

ERTS

ME5=6
41030
49681
45485
42046
3Be54
37206
35,53
35081
43,59
42,20

MES=5
3%s81
3919
45071
47040
43659
34052
34,88
35461
38038
41410

MEANS 9o STANDARD DEVIATIONRUNOFF COEFFICIENTS
ORBIT NUMBER 1256 ON 4

MSS5=7
22881
26629
25808
22490
2068
1972
18282
ige92
232089
22497

M&ES=T
21084
20063
24048
256036
23476
18231
18036
18087
20090
21a74

WATERSHED NUMBER
§5Cs CURVE NUMBER CALCULATED
5CS CURVE NUMBER DERIVED BY
COEFICIENT FOR EQUATION 2

GROQUP
SD=4
1a04
2o40
4027
3e62
le89
1.77
lot2
le55
Ta58
1,73
GROUP
SD=4
110
1219
4a53
3035
2093
1033
116
lo4é
1a91
2ol5

i
SD=5
2210
26
BabSb
802
4056
3093
2s73
2070
TebS
4023

I1
5b=5
3209
3a43
9096
TaT77
6,98
2otrs
2030
2080
4abb
5087

FROM

SD=%
Z2all
2.17
Tao51
Bab7
1605
5298
4010
4Gall
Ta36
EalH

5D=6
2al5
4028
a3l
5005
6492
3088
3e45
SGodd
509¢
Ha20

MEASURED RAINFALL AND RUNOFF
CONVENTIONAL SCS TECHNIQUE

5 73

50=7
letry
1o79
4055
4090
4,69
3690
2s48
258
431
3095

5D=7
1932
2066
5.10
4028
4067
2052
2alb
gabl
4aQ7
4409

CREF1
S4ed
75.8
&09
5800
6702
&5eT
6led
£308
571
667

COLFL
53a6
TTet
58:6
6S 06

694

594
5603
£208
7062
&ETak

COEF2
6le .
86»
Tioe
T4,
The
Thy
Tas
T30
T34
Tdo

COEF2
&la
830
T8a
770
75
Tée
&80
T6o
TTe

-
[ ]

CQEF3
Ge D39
Del22
G038
Qel23
0e050
Qe 054
02041
OaQES
0031
J0057

COEF3
0034
Oela?
Q023
CaC78
04082
0eC27
Calll
00065
Vel55
Qo057

Va4



WS
205
207
111
141
512
513
5141
5l48
522
6l2

WS
206
208
121
311
511
5142
5143
5144
611
621

SUMMARY OF ERTS~MSS

MES=4
314l
2167
3342
323035
3092
31402
3139
32:656
31.99
3029

MSES=4
3la.48
3126
34,96
3l.86
30e63
3l.11
3lelé
32,30
30001
300686
WS =====
COEF]L ==
COEF2 ==
COEF3 ==

ME8=5
2783
34044
31490
4025
28068
29002
2910
29004
289223
2771

MS55=5
28800
30684
37686
28619
2Te40Q
28690
29031
25622
27008
30036

ERTS

MS5=6
43428
43478
4752
47604
40410
38.80
AT.54
38413
G4 942
43657

MSS=6
42048
39,05
50attl
49483
43666
3651
36e54
37060
40028
%10l3

MEANS ¢ STANDARD DEVIATIONsRUNOFF COEFFICIENTS
ORBIT NUMBER 1274

MSS=T
23014
21le72
2513
24087
2082
19:98
19«22
19s68
23458
2306

MES=7
2291
1989
26a08
2739
23e26
18661
18049
19.26
2102
21000

WATERSHED NUMBER
SCS CURVE NUMBER CALCULATED
5C5 CURVE NUMBER DERIVED BY
COEFICIENT FOR EQUATION 2

GROUP
SO=4
078
0e97
3s58
5:37
baldkh
430
5¢07
Beb2
Sebl
leb3
GROUP
SD=4
Qo991
0e73
Tek5
Ta69
5e84
1,09
1,10
8559
lo62
lo56

1
50=5
187
3040
Te82
8.84
3271
3¢40
2835
2025
578
4612

11
50=5
137
3402

1104
Teb1
562l
2o7l
2011
2039
3096
4040

FROM MEASURED RAJINFALL AND RUNOFF
CONVENTIONAL SCS5 TECHNIQUE

ON

4 23 73
S0=6 SD=7
1e87 1030
2el6 le32
6853 4He28
Te95 4o71
5¢97 4824
5615 3457
346 2Z2a272
3655 2623
Se&42 3078
5400 3076
50=6 SP=7
le87 lo38
3435 2021
907 5o4l
6034 4093
6el9 G673
3010 2.01
360l 1092
3043 2620
5063 3099
5031 3,52

COEF1
5404
T5+8
6Ce9
580

6782

&5a47
6le5
£3.8
57el
E6e T

COEF1
5366
Tleh
5868
696
&G ok
5% a4
5603
6208
70l
6T

COEF2

6le

86
Tle
The
Thg
The
Téoe
T3
T3e
The

COEF2
6ls
B3s
T84
T7e
750
Tée
6£8aq
760
770
T70

COEF2
Q039
0s122
QCe(38
CeG23
0e 050
Qe 054
Qe041
CeQ58
00321
CeQ57

COEF3
0024
Rela?
Qe023
O0eQ78
Qe(82
CaQ27
QaQ21
e 066
0065
0.057

SV



SUMMARY OF ERTSeMS55 MEANSoSTANDARD DEVIATIONSRUNOFF COEFFICIENTS
ERTS ORBIT NUMBER 1400 ON 8 27 73
GROUP 1
WS M5S=4 MS5=5 MS3=¢ MS5S=7 SD=4 SD=H SD=6 SD=7 COEF1 COEFZ2 (COEF3
2905 37660 3160 46630 24006 CeT7 2280 1e39 Q7B 54 el Ele 0eQ39
207 A8eT4 2874 50458 24663 1al9 3eb63 Zeo32 (76 7548 Bba Dell2
111l 39056 37620 48452 24407 2:08 5493 44l 26886 6509 Tl 0038
141 3709 32s8l 47Te6l1 24220 2608 5448 4081 3.01 5840 T4 0023
512 3Tel0 33.15 45682 22486 let2 66680 3428 2407 6742 Tha De05C
8173 38092 23,00 45627 22455 le34 6453 2485 le75 &5t T4 0a004
w514l . 37elE 32444 45623 2261 lettl 668 226 1a34 Eleb Tée D041
5l4s 3702 32ell 45e54 23018 1s886 Gel2 2e23 le32 6348 734 Ce08BS
522 3Bo61 33623 4984 25031 1235 Tal0 367 2457 57l T3 Qa031
612 000 CeQOQ Qe00Q Qe 00 Cel0 Qo000 QC0 0,00 6697 Tha 0027
GROUP I
WS MSS=4 M55=5 MS5S5=~5 M5S=T $50=4 5D=9% SD=& &C=7 COQEF1l COEF2 (OEF3
206 37221 31675 4bBeblt 24e]l 1o13 2005 1lsb6& Qs8B 52eb &l Qs34
208 2709 33404 4HHe64 22095 Qae92 1459 le62 1lel7 TT7ei 83 Oald?
121 3769 A4e29 L4LGeT1 25830 2:57 5e88 Talld 4e873 S5Beé T8 Qe023
3ll 40608 29eb4d  4LO6LBO 2246% 2e24 TaQC 3695 2467 £%ab 77 Del78
511 3793 326834 4705 23.30 lebb Ta40 4403 2a68 5F et T Qe0B2Z
5142 27610 31le32 G4oblL 22234 1e50 2:60 214 lels 594 766 Q027
5143 3694 Aleb4% Lbe4) 22022 lal8 26495 2010 1625 S603 686 02021
5lask 37601 32036 450,38 22686 1655 91l 261% 1.22 65208 Tobe Qe TEE
611 0«00 000 000 0o 0C 000 000 Q000 0.00 TCal T7e 00085
621 38039 35,01 46013 2273 2e¢l? 6490 4427 2064 ET7e4 175 0557
WS ==m~= WATERSHED NUMBER
COEFLl == §CS CURVE NUMBER CALCULATED FROM MEASURED RAINFALL AND RUNQFF
COEF2 == §¢S CURVE NUMBER DERIVED BY CONVENTIONAL 5C& TECHNIQUE
COEF3 == COEFICIENTY FOR EQUATION 2

oV



A7

WS
205
207
111
141
512
513

5141

5166
522
612

WS
206
208
121
311
511
5la2
5143
5144
611
621

SUMMARY OF ERTS=MSS

MSES=g
19,15
19.86
19420
18422
17476
1765
17q:62
1725
18485
17.85

MSS=4
18.78
l8a11
l8e49
lge?5
1875
17e62
17e81
17.32
18401
laazs
WS ==
COEFl ==
COEF2 ==
COEF3 o=

M55=5
20631
22836
185886
17a41l
17430
1708
1711
16.38
18637
17:24

MSS=5
19.04
1507
18422
184232
18460
17442
1772
16456
17450
18653

ERTS

MES=¢
23,15
2 a82
2294
20234
19.88
19.37
18480
17275
2lebh
19,81

MSS5=6
2185
2089
2179
2338
22491
19,10
19449
18,02
19.82
2071

MEANS 9 STANDARD DEVIATIONRUNOFF COEFFICIENTS
ORBIT NUMBER 1508

MES=T
11.69
12.41
11.858
10a46
10420
9292
Qo b4
Gal3
1117
10021

MSS=T
1121
1059
1117
12413
11e83
10«01
10408

Geldl
1020
10a&8

WATERSHED NUMBER
5¢S CURVE NUMBER CALCULATED
5CS CURVE NUMBER DERIVED BY
COEFICIENT FOR EQUATION 2

GROUP
SD=4
1.01
099
2«07
l1.84
ls32
1622
lel5
1+C5
2«Cé
le33
GROUP
S0=4
CeT4
10,12
2812
1435
le53
De97
l1.04
1403
lo40
1457

i
50=5
l.81
2elb
3575
3656
2ab64
2eldy
2433
1s99
3.70
250

Il
S0=5
1«82
2e28
4asl
266
327
2009
2027
2803
2a50
2a27

FROM MEASURED RAINFALL AND RUNCFF
CONVENTICONAL 5C8 TECHNIQUE

OnN 12 13 73
5D=¢6 S0=7
2el7 (o8B
26106 1430
S5al2 20%5
499 2488
4a29 2e4b
4802 2632
2678 la49
2064 loeg3
506 2s80
3a7T9 2609
SD=6  50=Y
ls5&6 Q.88
Zas2 1a.21
5850 3,05
4eQl 2o4b
48B4 2086
2029 1430
2e6l 1lo325
2¢59 1la.38
4a08 2e42
4629 2030

COEF1
Bh4eds
7548
Qe
58.0
&7e2
£5e7
6lab
6308
5761
667

COEF1
53.6
7724
58e6
£96
€%
5984
563
E2e8
TOad
6ETels

CCEF2
6l
86
Tla
T4e
T4
Tas
T4 e
T34
T3
Téa

COEF2
Els
830
T8 s
T7e
75
76
58
760
77
770

COEF3
0.0Q03%
Qe122
Qs0328
CeQZ23
Ce050
0.054
Cas 041
Qe68
DeC31
Qe057

CQEF3
QaQ36
Cala?
Ca023
Ca078
0082
0a027
0e021

0s066 _
0065

0+057

w
2
&
%
BE

T
3
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SI §9Vd QVNIOTIQ

10

U

MERGE

INTEGER RSKIPsTAFRID

DIMENSION " IDC(3600)sID(18Q0) 10018001 +ILI1800}
DIMENSION ITABL(5)sIDSBF (111 sI0TBLI3)»IMIS)IDENT(13]
EQUIVALENCECIDD(L) 2ID(L)Y Y2 {IDDIL8BOLIIO(L s (IM{B}YIDDI1))
DATA IDENT/=140s495469T79'ER'"4'TS s'A '/

DATA ITABL/'E '3 UCYs'BR's591/
READ{Z2+10IREKIPINQEFTHNDELTsNRTCYSTARID
FORMAT(141I5)

CALL DSORUITABLIBY«IDSBFIL1)»ICOME)
IDENT(2)=TAPID

IM{4)=TAPID

IM{2)=]IDENT(T)

IM{3)=IDENT (8]

[I0OTBLI3)I=1

I0TBL{21}=0

IDENTI(10)=RSKIP

IDENT({11)=NOEFT

IDENT(12}=NOELT

IDENT{13)=NRTCY

LL=NOQEFT+NCELT

10TBL(1Y==(LL+LL)

DO 2 I=1+2

JEl=1

DO 2 K=1sRSKIP

CALL MGTAP(Js2910+1B00sNQ)

IF{NQI2+20002

CONTINUE

DO 20 I=1sNRTCY

CALL MGTAP(Qs2910+1800sNO)

IFINOI3+100s5

NO=1648

NO=NQ-28

M=NO-NOEFT+1

CALL MOVE(IOsMsNO#ID91)

8V



ALITVAD M00d 40
SI @OVd IVNIDIHQ

15

20
100

25
27

28

29
30

35
50

200

MERGE CONTINUED

CALL MGTAP(1s2+IL+1B800sNQ!
IF(NO)JL1541004s15

M=NOEFT+1

CALL MOVE(ILsloNQELT+IDM)
CALL WDDSKI({I+ID{LL)2IOTBLIZ)4IDSBFIL11) 9 ICOMP)
CONTINUE

CALL MGTAP{Qs6sILs9eNO!
CALL MGTAP{1l46sILs9aNO)

DO 25 I=1+RSKIP

CALL MGTAP(Qs29+IL+1800sN0D)
IFING)I254200425

CONTINUE

CALL MGTAP(193sIDENT#134NO}
[FINO}I27+200928

CONTINUE

DO 50 I=1sNRTCY

CALL MGTAP{O»2+ILs1BO0NO)
IF{NDQ1294200130

NO=1&648

NO=NC=28 :
CALL RDDSK(I+IDDILLI»IOTBLI3)IDSBF(L11)»ICOMP)
K=NOEFT+NQ+1

CALL MOVE(IDDsMsL L2 IDDsK)
CALL MOVE(IL»1sNQsI0DsM)
K=LL+NO+4

IM{1)=1

CALL MGTAP(Ll»34IM sKaNO)
IF{NO)35+200+50

CONTINUE

CALL MGTAP{1+8+IDD99sNO)
CALL MGTAP(O+£210D9SeNO)
CALL MGTAP{1+6+IDDsSsNO)
CALL EXIT

END

6v
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- g1 gDV TYNIDEG

MGTAP

T T R S I M He e I 0B B 360 03 36 46 M 3 45 3 6 0 Mg P

IBM 1800 MAGNETIC TAPE I/0 ROUTINE

THE FOLLOWING ROUTINE WILL ALLOW THE USER TO
READ BINARY TAPES IN FORTRAN OR ASSEMBLER.

THIS ROQUTINE HAS BEEN SUCCESSFULLY USED TO READ *
TAPES CREATED ON IBM 3&0!'Ss DEC 10'Ss AND UNIVACH
1100 SERIES COMPUTERS

* ¥ * ¥ ¥

x

#
AUTHOR == *
ROBERT J TORLINE #*

USDA=ARS #

P O BOX 267 *

WESLACO» TX 78596 *
512-968=5532 EXT 53 #
#*

#*

®

*

#

#

COMMON USER NO 3080

* o o ok ok %k % % & %k % k ok k ¥ k % %

* MAJOR REVISION VER 4 DATE OF LAST CHANGE

% MINOR REVISION MOD 1 FEB 22 1574

WEE R LS TR L R L R R R R R R S R Vg
ENT MGTAP (IUNIT»IFUNCIDsMAX#NO)

MGTAP DC =%
STX 1 XR1+1
LOX 11 MGTAP

Lo 111 OPERATION CODE

STO MGTAP :

S5LA 12

OR I1 0 ~ DRIVE NUMBER

STO CONTR CONTROL WORD

LD I1 3 VALUE OF RECORD LENGTH OR
STO RL MAX DIMENSION OF [/0 ARRAY
LD 12 ADDRS OF END I1/0 TABLE

01V



SKIP

CONTR
[CADD
RETRN

FLOP
XR1

BACK
SAVE

STO

STO
Lo
STO
5TS
LD
STO
LD
STO
MD X
STX
Lo

BN

BP
LO
BSI
Lo
sTO
CALL
pC
DC
STO
BNP
L.D
BAN
LD
BSl
LDX
LD
STOQ
B85<C
(2l

L1

—

MGTAP CONTINUED

NAME+1
RL
I0ADD
4
RETRN+1

[OADD» /40

I0ADD
SAVE
RL
10ADD
5
BACK+1
MGTAP
M3
SK1P
M1
SK1P
RL
FLIP
M3
MGTAP
P2401
-
-
a3
TEST
MGTAP
XR1
RETRN+1
FLIP
3o it
SAVE

ICADD
ot
ot

ADDRS BEGINNING 1/0 TABLE
ADDRS OF ACTUAL REC LENGTH
OR COMPLETION CODE
UNSTORAGE PROTECT BEGIN

OF 1/0 TABLE

AND SAVE CONTENTS

BRANCH ON READ NEG
BRANCH ON CONTROL PQS
FLIP ARRAY BEFORE WRITE

NEG FOR WRITE OR READ
POS OR ZERO FOR CONTROL

STO COMPLETION CODE

IF NOT CORRECT WORD COUNT

TEST» IF READ OR WRITE
SET UP TO FLIP ARRAY

RESTORE SAVED WORD

1%



RL
M3
M1
FLIP

NAME

COUNT
Q0P

XR2
XR3

TEST

oc.
ol
DC
DC
STX
STX
$TO
LD
SRA
CMP
MD X

sSTO

LDX
LDX
LDX
MO X
LD

XCH.

Lp

5T0
XCH
STO
MD X
MDX
MDX
LOX
LDX
BSC
LD

BNZ
LB

MD X
END

w M

L1
12
L3

Lol 3 ]

[

L2
L3

MGTAP CONTINUVED

-
-3

=1

Heett
XR2+1
XR3+1
COUNT+1
RL

1
COUNT+1
NAME
COUNT+1
Bt
IOADD
-t

1

0

ROUTINE TO FLIP ARRAY

FOR 360 COMPATABILITY
DATA ARRAYS MUST BE
FLIPPED AFTER READS AND
BEFORE AND AFTER WRITES

—mm————— NOTE =e===mwm=-

- [F AN ERROR OCCURS ON =
= A WRITE COMMAND THE
~ DATA ARRAY WILL RETURN

TQ THE CALLING PROGRAM

AS IT WAS BEFORE THE -

= CAlLLs RJT =

ON ERROR TEST FOR WRITE
COMMAND (READ WILL BE A

=1 OR ~2)e [F WRITE SET UP
TO FLIP THE ARRAY AND
RETURN IT AS BEFOREs

v



P2401

CALL

BuUSY

WLR

ENT
e
5TX
LDX
LD
TT0
LD
sTC
MD X
STX
CALL
e

"MDX

LD
sl
Lo
B3C
LD

BZ

BNP
8z

BZ
ECR
MDX
LD
BNN

MDX

P2401
it

XR1+1

p2401
0
COMTL
1
ADDRS
2
BACK+1
MAGT
LIST
#*42

+*
3045
LIST
BUSY #Z
LIST+6
Ml
ZERO
M1

M1
WAIT
M1l

EQF

M1

WLR

M1l
ZERC+2
LIST+2
ERROR
ADDRS
M1
ZERO+2

P2401

CALL P24Ql
oC FHEX CONTROL
DC - ADDRS

ACCUM = + WORD COUNT
0 EOF
-1 WLR
=2 R/W ERROR
2401 -3 END OF TAPE
=4 FILE PROTECT
=5 REQUEST ABOR

CHANGE SIGN OF ERROR

€IV



-.'\33

ERROR

ZERO
XR1

BACK
WALT

SPAUS
EOF
Ml
LIST

CONTL
ADDRS

LD
MD X
LD
LOX
BsC
SLA
STO
LD
WATT
MD X
MDX
MD X
EQU
EQU
bC
o<
DC
BSS
0C
0C
oC
END

L

P2401 CONTINUED

M1
ZERO+2
ADDRS
L)
o= 3%

16
$PAUS
CONTL

SPAUSHO
WAIT
CALL

97
ZERO+2
=1

IV



* % ¥ *k

IV NIDTHO

A% 900d JO0

K 8ovd

T
¥

ENT

pC

STX
LOX
Lo

STO
LD

BSC
SRA
STO
Lo

5TC
MD X
MD X
5TX
LDX

Lo
57C

MOVE

MOVE MOVE SUBROUTINE ENTRY POINT
CALL MOVE(JCARD s JsJLASTIKCARDIK )
THE WORDS JCARD(J) THROUGH
JCARDIJLAST! ARE MOVED TO KCARD
STARTING AT KCARD(K) e

*=k  ARGUMENT ADDRESS COMES IN HERE

SAVE1+1 SAVE IR1

MOVE PUT ARGUMENT ADLCRESS IN IR1

0 GET JCARD ADORESS

2 SUBTRACT JLAST VALUE

LD1l+1 PLACE ADDR OF JCARD(JLAST! IN
PICKUP OF MOVE

2 GET JLAST VALUE

1 SUBTRACT J VALUE

+2 CHECK FIELD WIDTH

16 NEGATIVE = MAKE IT ZERO

LODX+1 STORE FIELD WIDTH IN LCX

3 GET KCARD ADODRESS

4 SUBTRACT K VALUVE .

LDX+1 SUBTRACT FIELD WIDTH

STO+1 PLACE ADDR OF KCARD(KLAST) IN
STORE OF MOVE

LDX+1s1 ADD ONE TO FIELD WIDTH
MAKING IT TRUE

5 MOVE OVER FIVE ARGUMENTS

DCNE1+1 CREATE RETURN ADDRESS
JNOW=Y
KNOW =K +JNOW=J

#~% LOAD IR1 WITH FIELD WIDTH
KCARD {KNOW}=JCARD ( UNOW )

#=# PICKUP JCARD(JNQW)

#~% STORE IT IN KCARDIKNOW)
SEE IF JNOW IS LESS THAN JLAST.
IF YES» JINOW=JNOW+1 AND MOVE

STV



MDX
MDX
*
SAVELl LDX
DONELl BSC
END

=1
LD1

LTk
# it

MOVE CONTINUED

NEXT CHARACTER. IF NOs EXITaeas
DECREMENT THE FIELD WIDTH

NOT DONE = GET NEXT WORD
EXITassncvassvastssonssnnasssssan
DONE = RESTORE IR1

RETURN TO CALLING PROGRAM

9TV



¢

¢

C

¢

¢

c

¢

d

d

9

c
LIN
ISAVE
IDSPY
Tout
QUAD
1D
1PT
DENT
JTAPE
ITAPE
IFILE
NODAT
NOSET
NRCD

IR ateNaRalataNaRatalaXakaRataNaNaRaNaaNaARANA]

OKLAH

******************************#***********************************

CKLAH

PROGRAMMED BY Me GAUTREAUX
USDAYWESLACOs TEXAS 78596

***%***************#***************************************************

OKLAH IS A PROGRAM DESIGNED TO SELECT IRREGULAR SHAPE
AREAS BY A SERIES OF TRAPEZQIDS USED TG APPROXIMATE THE AREA

*****************************ﬁ******************#**********************

INPUT VECTOR

VECTOR USED TO SAVE WANTED DATA

(DIMENSION MAY VARY DEPENDING ON AREA SIZE)

VECTOR USED IN DISPLAYING AREA ON DICCMED MODEL 36
DISPLAY UNIT

VECTOR USED TO CONTAIN TWO DATA PTus CONTAIN IN ONE
ERTS WORD

VECTOR (TWO DIMENSIONAL) USED TO HOLD THE ID OF AREA
AND OTHER PARAMETERS FOR THE SELECTED AREA

ID VECTOR (512)

VECTOR CONTAINS THE FOUR PTSe THAT DEFINE THE AREA

{ ONE TRAPEZOID AREA)

VECTOR USED TO CONVERT 1D TO REAL NUMBERS

SECONDARY TAPE 1D NUMBER ON TAPE (READ FROM TAPE)
SECONDARY TAPE 1D NUMBER ON TAPE (READ FROM CARD)
CURRENT NUMBER COF FILES ON SECONDARY TAPE

NUMBER OF PASSES I(REWINDS) NEEDED TO GET ALL SELECTED
AREAS

NUMBER OF AREAS TO BE SELECTED ON CURRENT PASS
NUMBER OF RECORD THAT YOU WANT TO START WITH

WILL SKIP NRCD=1 RECORDS ON ERTS TAPE

USED MAINLY WITH ERTSA = BY Re TORLINE = TO TRANSFER

LIV



IWORD

IFLNO
1H20
1DAY
IMNTH
IYEAR
[HSTA

IHEND

IXelY
M

I IV
ICHAN

ANANARAN AR AT AN AN EARANA AN AN AN AN A RA N AN AN

OKLAH CONTINUED

THE Y STARTING POSITION

NUMBER OF WORDS (ONE WORD = FOUR CONSECUTIVE ERTS
WORDS WHERE THE FIRST ERTS WORD -WAS FOR CHANNEL ONE)
USED WITH ERTSA = BY Re TORLINE = TO TRANSFER

THE X STARTING POSITION

FLIGHT NUMBER OF CURRENT ERTS TAPE

WATERSHED NUMBER

e i e O D R . A e

DATE OF PASS BY 5AT.

BOUNDARY PTSe OF THE LEFT = HAND SIDE OF SELECTED
AREA (IHSTA = THE LOWEST X COORDa=~ 1)

BOUNDARY PTe OF THE RIGHT = HAND SIDE OF SELECTED
AREA (IHEND = THE HIGHEST X COORDs +1)

CORRECTION FACTORS FOR A QVERALL SHIFT

BLOW=UP FACTOR (FOR DISPLAY PURPOSES)

STARTING COORDe ON DISPLAY

CHANNEL (1=41 SEND TO DISPLAY

FRE GRS EH SRR BEE SRR AR RR LR R ERERE RSN AR FH L RR AR FE TR R EERERERFSRERR

INTEGER START
DIMENSION TIN{1800)sISAVE(3000)»IDSPY{1000),10UT(3600)
DIMENSION QUAD(&0s12)+IDIIC) 2 IPT(8)sEL4)sPT(8)+DENTI(10)
DEFINE FILE 1(200s8sUsKAPPA)

READS IN JTAPE AND IFLE FROM SECONDARY TAPE

JTAPESIFILE

WRITE(316)JTAPESIFILE

KAPPA=]
C
C
C
READ(5)
- 6 FORMAT(2110]
C

READ(25767) ITAPEsNODAT sNOSE T »NRCD » IWORD

- 767 FORMAT(515)

8TV



OKLAM CONTINUED

C
KKK=0
MAX=1800
C
C - CHECKS FOR CORRECT SECONDARY TAPE
C

IF(JTAPE=ITAPE} 60046014600
601 CALL Wl322(5+2)
IFCIFILE=1)610+6201620C
620 LFILE=]IFILE+] ‘

< :
C SKIPS FILES ON SECONDARY TAPE IF NECESSARY
<
CALL W1322(5sLFILE)
NFILE=IFILE
GO TO 602
610 NFILE=0
C

Ft 3 2L S R R 12 22 2 R 2 b Rt EY YT EYL E
g 22 2222 ES S S TSI LSS SRR R R LTI E Y L 2 2
o Ly e R R e T g ey
C .
C CONTROLS NUMBER OF PASSES NEEDED BY NODAT
o
L L L T R R R R R g T T 1 L T L L Ty
C

602 DO 630 [2=1+NODAT

CALL W1322(4s2)

READS 2ZND PARAMETER CARD = NOSET

(aWaNS]

READ(Z2s 768INOSET
768 FORMAT(IS)
C

CHBRRNRH R RN RS RNRESHER LA AR B AEER A B R SEE XA HREE DL R RS H R R LR SRR B EHEER

6TV



OKLAH CONTINUED

CONTROLS NUMBER OF AREAS IN CURRENT PASS BY NOSET

LR R R A RS LR d e a2 L L s 2 e st I LT raranagn
LO 500 IBIG=1sNOSET

IRECD=(Q

READS 3TH PARAMETER CARD = INFLNO#IH20sIDAY»IMNTH»IYEAR

aNaNa! L) (A NANANA

READ(2+237) IFLNO» IH20s IDAY s IMNTHs I YEAR
237 FORMAT(515)

N

IIN(1)=IFLNO

1IN(2)=1H20

IIN(3)=IDAY

TIN(4)Y=IMNTH

1IN(5}=]1YEAR

DO 238 [A=649
238 1IN(IA)=20

WRITES 3TH PARAMETER CARD ON 1ST RECORD ON SECONDARY TAPE
FOR THE NEW FILE

NOON

CALL MGTAP(1»3s1INs9sNO)
NRCD=NRCD-1
DO 222 JN=1,NRCD

222 CALL MGTAP(Os2s IINIMAXsNO!

C

I 3930383636 T3 0060320900 T 00 06309300 36 9008 30 306436 6 0 30 3530 30 3360000 3 06 S 36 38 36 9056 2 36 36 4 S35
C

C READS 4TH PARAMETER CARD =

c

READ(2+100INQUAD» IHSTASIHEND s IXoIYoMaIHo IV ICHAN
WRITE(39100INQUAD Y IHSTA#IHEND s IX2IYeMelHs IV ICHAN

ozv



C
C

C
C

100

- OKLAH CONTINUED

FORMATI(915)

c**********************#******%****************************ﬂ************

CONTROLS NUMBER OF TRAPEZOIDS IN AREA BY NQUAD

C****E***************i**************************************************

C

2 ¥a¥aXals

ann

AN A XA

aNala)

1Cl

10

20

DO 200 KK=1sNQUAD

READS IN NQUAD GROUPS OF FOUR PTSe THAT DETERMINE
EACH TRAPEZOID THAT wWIlLL COMPRISE THE IRREGULAR SHAPED
ARE PLUS AN ID NUMBER FOR EACH TRAPEZOID

READI{2s101) (IDIKI sK=195) o (IPTII)sI=198)
WRITE(39101) (IDIK}»K=195) 9 (IPT(TI)sI=1s8)
FORMAT(5124815)

SHIFTING OF COORDs'S DONE HERE IF NECESSARY

IHSTA=THSTA+IX
IHEND=IHEND+1X

DO 10 J=1982

JKe S+l
IPT(JIaIPTIII+IX
IPT(JKI=IPT(JDI+IY

CHANGING ID NUMBER FROM INTEGER TO REAL

‘DO 20 JJ=198

PT{JJI=FLOAT(IPTJJI))
CONTINUE

CHECKS FOR ''0'' DEMONe

1V



(aNaNala

25
21
22
C
C
C
C
23
C
C
&0
C
C
c
30
200
9

OKLAH CONTINUED

A=PT(5)=PT(3)
IF{A)21925921
AzA+]
B=PT(1l)=PT(7)
IF(B)123422423
B=8+1

CALCULATES THE Y INTERCEPTS AND SLOPES OF LINES THAT MAKE
UP THE SIDES OF THE TRAPEZOID

EfL)=(PTI(6)=PT{4))/A
E(2)==(E(L)#PT(3)1+PT (4}
E(3)=(PT(2})=PT(8))/B
El(4)s=(E{31#PT(1))+PT(2}

STORES ABOVE INTO QUAD
DO 40 KL=6»9
LakbL=5
QUAD (KK eKLI=E(L)

STORES ID'S INTO QUAD

DO 30 KJ=1s5
DENT{KJI=FLOAT(ID(KJ))
QUAD(KK +KJI=DENT (KJ)

STORES PTSe 2 AND & INTO QUAD (PTSe 2 AND &6 ARE USED TO
COMPLETE THE TRAPEZOID = TOP AND BOTTOM ¢RESPe=

QUAD(KK+10)=1PT(2)
QUADIKK»11)=IPT(6])
CONTINUE

C*****************************************************************#*************

C

v



NN

<

OKLAM CONTINUED

MAX=1800
420

CLEARS DISPLAY UNIT OF ALL COMMANDS
READYS DISPLAY UNIT FOR START OF INPUT DATA

CALL EXTIN
CAalL 8OI

CHRR S AR RN RH RS RGBSR AR RS HR AR RRFHER LR AR R RE R R RE AR AR RE LR ERREREER*
CHB K S N RN R R AR R LR R AR R L E R TR AR ERE AR R LR R AL F R FH AR R ERERA R ERS

c

mnHo aXaNala

nNOoann

N

DO 300 KK=1sNQUAD

BEGINS BACK THE NEEDED DATA FACTORS FOR EACH TRAPEZOQID
PROGRAM WORKS WITH CNLY ONE TRAPEQOID AT ANY ONE TIME

IVSTA=IFIX{QUAD(KK101})}
IVEND=IFIX(QUAD(KKs11)}

POSITIONS AREA ON DISPLAY WITH ADJUSTMENTS MADE FOR IHsiVs
AND BLOW=UP FACTOR \

IHORZ=IH+IHSTA®M

IVERT=IV+IVSTA#M

CALL RANDMIIHORZ s IVERT!

CHECKS POINT JHSTA TO SEE IF FIRST PTe [S IN A ODD OR EVEN
POSITION IN INTERWEAVED ERTS DATA

[18ITe]SLA{IRSTAW1G)
NUMB=4% ( IHEND=IHSTA+1)

NE=4# { { IHEND=~1HSTA+1)/2}
BNUMBaNB

1¥A



aNaNal m aNaNal

AN ARA]

(2N aNala

11

i5

16
104

12
109

51
63
é2

OKLAH CONTINUED
KBEGN=]1+4#{ ( IHSTA=1)/2)

CALL MGTAP({Os2»1INIMAXNO)
Jad+l _

CHECKS TO SEE IF THE Y COORDe{PTe2) HAS BEEN REACHED
IF(J=IV5TAI11915415
IF(NOI16+125+18

CONSIDERATION FOR A BAD READ CONDITION ON 1ST TAPE

WRITE(3,104) J
FORMAT(' BAD RECORD'sI4)
GO TC 11

CHECKS CHANNEL & FOR STARTING OF GOOD DATA

ICHEK=4
IFLIINCICHEK )} 129191l
START=ICHEK

GO TO 51

ICHEK=]CHEK+4
IFLICHEK=17401494912
WRITE(34+109)

FORMAT(' ALL NEGATIVE?')
GO TO 16

COORNIATES THE X COMPONENT = FOR ERTSA

IF{IWORD)62+62463
START=1+(IWORD=1) %4
KBEGN=START+4#{ (IHSTA~11/2)

eV



®3% 00
‘g%gﬂa w

OKLAH CONTINUED

65 N=NO=START=27
NB=BNUMB
IF(THEND=N) 72972461

61 WRITE(3+105)

105 FORMAT(' IMEND WENT TOO FAR')
GO TO 300

SPLITS ERTS WORD TO GET THE TwO DATA POINTS CONTAINED
IN ONE ERTS WORD

akalakal

72 CALL HALF(IIN(KBEGN) o IOUTINB)
DO 75 I=1sNB
IF{IOUT(I))IT3+75475

73 I=1+1
GO TO 77
75 CONTINUE
I=1
77 NBeNB=I+1

CHECKS FOR EVEN OR ODD POSITION

ann

IF(I1BIT)I20192019202
201 UM=2

MN=2

GO TO 813
202 JM=1

NN=1

83 ICONT=0
KL=l
LJd=4
Y=FLOAT{J)

C
CREMFEHW MR UR R HRRE R RN E R HE R R SRR B R R LR LR R AR SRR BRI R AR HE LR RTER

C HERE THE JTH LINE (Y) AND ITH POSITION (X) ARE

eIV



OKLAH CONTINUED

CHECKED ON A POINT BY POINT BASES IN THE AREA
DEFINE BY IMSTAoIMENDOPTo29 AND PTeb
ONLY POINTS LYING IN THE AREA DEFINE BY THE TRAPEQOID

ARE XKEPTs OTHER POINTS ARE ZEROED QUT
LR R L L T e s e e - S

aNAN AN AN YA

i9

DO 155 1=IHSTAIHEND
XeFLCATI(1}
IE(J=IVEND}19¢299:299
[F{J=IVSTA}41032032

32 EQ2=QUAD (KK o6 #X+0UAD (KK T)=Y
IFIQUAD (KK 61133034034

33 IF(EQ2)3%935»8]

34 IF{EQ@2)41035035

35 IF(J=IVENDI36e&)s&]

36 EQ4=QUAD(KKs8)a#X+QUADI(KKsS )oY
IFIQUAD(KK»8) 137938438

37 IF(EQ4)1614939439

28 IF(EQ&L)329¢3G44]

SAVE GOOD DATA

(ANaNa]

39 DO 165 KI=KLolJ
ISAVE(KI I =10UT (JIM)
165 JM=JM+2
JMa JM=2
GO TO 144

ZERO!S DUT UNWANTED DATA

[aNaNA!

41 DO 166 KI=sKLoLJ
166 ISAVE(KII=O
JM= M+

lét ICONT=ICONT+&

9Zv



AN XA

NOMNnO

aNaNa!

AN a¥al

H NN

175

176

155

180

18/

OKLAH CONTINUED

KLsKL+4

LJz=lJ+d

GO TO(175+176) NN
NN=2

JMe JM=5

GO TO 155 -

NN=1

JM= M+]

CONTINUE

WRITES ISAVE VECTOR CONTAINING DATA OF TRAPEQOID ON TO 2ND TAPE

CALL MGTAP(1#3»ISAVEsNUMBSKACNB)

BLOWING = UP OF ISAVE VECTCR =IDSPY= FOR DIPLAYING

NM=0

DO 180 KM=ICHANINUMBr4
DO 180 MK=1lsM

NM=NM+1
IDSPY(NM)=]SAVE (KM}

DISPLAYS IDSPY VECTOR
DO 190 NK=1sM
CALL DISPYIIDSPYsNM)
CALL EOL

CHECKS TO SEE IF REACHED END OF SCREEN

IF (J=2048)170+1705125

COUNTS NUMBER OF RECORDS THAT COMPRISE A FILE

LIv



aNaNaNaNa) (&) [

C
C

OKLAH CONTINUED
170 IRECD=IRECD+1
GO TO 11
299 JaJ=1
DUE TO THE FACT THAT THE BASE OF ONE TRAPEQQID I$ THE TOP
OF THE FOLLOWING ONE A BACK=SPACEING OF ONE RECORD IS NEEDED
BACKSPACING ONE RECORD DONE HERE
CALL MGTAP{Os7sISAVEINUMBIEOF)

300 CONTINUE

CRHURRERUREREERFER BT RN RERRER TR AR AR AR AR R AR R R H A HRF AR R RN AN ERF R R R E AR R R R XA RAF
CHEMRESEH NIRRT RN E R R R AR H AR R R R AR TR A RH LR RN AR TR TR TR

C

M aNa¥a

C
<

END OF FILE MARK COMMAND ON 2ND TAPE
CALL MGTAP{1+8sISAVEsNUMBSICOF)
NFILE=NFILE+1

SAVES IMPORTANT FACTS‘ON TEMFs DISK FILE
WRITE(1'KAPPAIJTAPEYIRECDINOSETYID(1)sI0i2)sI0(3}0IH20C
KKK=KKK+1

500 CONTINUE

g A2 2R TR LR B DES R ERE T ES S ESEERAEEEEELE L EEEEEEYEEEEIETETELE TR FE S
CHERER RN RN H R SR L ERA AR R H AR XS E R LR R A F AR E R AL B R U A A AR AU R EH AR R AR TR RRR

C
C
C
C

REWIND COMMAND FCR 157 TAPE-

CALL MGTAPLO#5+sISAVEsNUMB IEQF)

YA



OKLAH CONTINUED

630 CONTINUE :

C 96 3 335 e 04k B0 B 35 3 3396 M A B8 3 36 3 3330 30 30 30 0 SE 5 3 303 36 3 30 30 6 95 38 36 31 30 36 0 K B0 S 3036 40 30 50 330 3034 3 36 0 S0 96 30 46 30 46 3 58 40 36 5 R B 5
C 9 3 A 3% 3% 38 36 40 50 3 36 40 38 30 506 3 00 b 3% 30 3 96 36 36 S0 30 St 48 38 35 35 36 3F S 3R 3396 96 3E 3 3 303 4% 3030 31 30 36 B 56 46 303 36 3696 9 36 30 3 38 3 30 3 363 90 969 3 % 3
CHUHARN AR R U H U AR R R RE N EH R F AR RN RFEIF AR LR HE R R R F L RERE R AR RS SRR FEREEF R AR

<
C WRITES FACTS STORED OUT ON TEMPs DISK FILE ON TO PRINTER
125 KAPPA=s]
IF(KKK=1)131+6404+640
640 CONTINUE
WRITE(3+877)
877 FORMAT(1H1)
DO 622 LL=1sKKK
READ(1YKAPPAYJTAPE » IRECDSNOSET»ID(L) o ID{1)sID(3)sIH20
WRITE (3+603) JTAPE»ID(1)»ID(2)91D(3)sIH20sNFILESIRECD
603 FORMAT(10Xs'TAPE NUMBER IS'sI5s' AREA OF [D'»512»' IS5 IN FILE !
1'NUMBER"» 16! WITH's16s RECORDS')

‘ 622 CONTINUE

é COMMAND TO DISPLAY UNIT THAT ALL DATA HAS BEEN SENT
‘ 131 CALL STOP

g REWIND UNLOAD COMMAND TO 1ST TAPE

¢ CALL MGTAP (069 1SAVE sNUMBKACNB)

¢ NFILE=NFILE+]

‘ CALL MGTAP(19591SAVEsNUMBIKACNB)

g UPDATES FILE COUNT ON 2ND TAPE

g IFILE CHANGED

WRITE(S5)JTAPESNFILE

6V



OKLAH CONTINUED

<
c*******lﬁ'ﬁ************************%************************ T2 2 8 2 20 .8 L8 8 8 & 2 8 g o &3
c ) .
CALL MGTAP(195+1SAVEIMAXINO)
CALL EXIT :
<
600 WRITE(3+103)ITAPE
103 FORMAT{Z1Xs'WRONG TAPE =SHOULD BE TAPE NUMBERfs15)
GO TO 131
END

ocv



wWl3azze

ENT
el
STX 1

S Lbx 11

570

XR1
BACK
C4
C1
LUN

LD 11
s

§TO

LD Il
MD X 1
STX 1
BNP

&

8Z

570
CALL

BC

e

LDX L1
BsC L
DC

DC

DC

oC

END

wlsz2
Lk
AR1+1
Wlsz2z
Q

Ca
LUN

1

2
BACK+1
sTC
Cl
XR1

N
FILE
LUN

N

-

3t =it

4

1l

-
Hoan

wl3gz

(LUNNI
WHERE
LUN
N

4 OR 5
+ FILE MARK=1
1 RETURN :
IF LARGER SKIP
THAT MANY FILE
MARKS
0 UNLOAD DRIVE
- NUMB OF RECORD
TC SKIP

RETURN IF ONLY 1 TILE

TEY



FILE

STO
LDXR1

CALL
CMND1

ENT
bC
STX 1
LOX 11
Lo 1l

8§70
Lo Il

STO

Lo Il
STO
MD X
STX 1
82

BP

ECR

—

§TO
LDX L1
CALL
bC
DC
CALL
bC
oc
BSC
MO X
Bz

BZ
Lo
SKP
MD X

CFILE (TeN}

*=it WHERE
AR1+1
FILE
0
READ
CMND1
0
UNLOD
CMND 2
1
FILE
2
BACK+1]
UNLD
S5TO
MASK
MASK
LOXR1+1
Hai
P1053
0
LIsT
P24C1
-3t
LIsT
-Z
CALL
MODFY
C3
UNLD
FILE

CALL

FILE

I= 0 OR 1 {MAG DRIVE)
N= + NUMB OF FILE MARKS
0 UNLOAD
-~ NUMB OF RECORDS 7O

SKIP (ABSOLUTE VALUE)

IF A FILE MARK 1§ -
ENCOUNTERED DURING A =
RECORD sSKIP IT IS -
COUNTED AS A RECORD -

T NS B T A S B sy ol S S e A gk B I S e S S

CONVERT NEG RECORC
SKIF TO POS COUNT

TAKE EAC PRINTER
OFFLINE

EOF INCOQUNTERED
IF END OF TAPE
UNLOAD ORIVE

SKIP IF RECORD SKIP

eV



MODFY

UNL

XR1
BACK
UNLD
CMNDZ2

READ
UNLOD
MASK
Cc3
LIST

MD X 1
MD X
CALL

oC

DC

LDX L1
BSC L
CALL

DC

D¢

MD X

DC

DC

D¢

DC

0¢C

BSS
END

~1
CALL
P1053
/0100
LIsT
EE
3t
P2401
-t
LIST
UNL
/2000
/6000
-1

3

6

6

FILE CONTINUED

PUT EAC PRINTER
ONLINE

1324



EXTIN

RETRN
CODE

ENT -
nls
CALL
pC
B8C
ocC
END

[

EXTIN
-t
WRITE
CODE
EXTIN
/8000

EXTIN

SEND

RETURN
CODE FOR EXTERNAL INITIAL

A4



WRITE

BUSY

SAVEL
RETRN

DSWO

"WRIT

AREA
DATA

ENT
oC
§TX
LDX
LD
MDX
STX
5TO
xI0
800
XI10
LDX
BsC
BSS
s]8
0C
oC
bl
ocC
DOC
oC
END

mrr
(]

WRITE
*=3
SAVELl+l
WRITE

0

1

RETRN+1

DATA
DSWO
BUSY
WRIT
ot
-t

0

0
/6701
AREA
/65C0
/4002

126
o it

WRITE

ENTER SUBROUTINE

STORES VALUE OF RETRN=1
SAVE XR1

LOAD ADDRESS OF VALUE

TO BE WRITTEN INTO ACCUM,
MODIFY RETURN ADDR BY 1

AND STORE

TEST DO FOR BUSY STATE
LooP IF BUSY

SEND QUTPUT TO DISPLAY

RETURN

147 4



501

RETRN
START

ENT

oC
calL
ble

BSC 1
ol

END

501
-t
WRITE
START
S01
/8001

SC1

SEND
CODE FOR START OF INPUT
RETURN

gtv



RANDM

HORIZ

BuUsSY1l

VERTI

ENT
D¢

STX
LDX
LD

BN

cMP
MD X
NOP
SRT
sT0
SLA
SLT
STO
LD

STO
X10
800
X10
LD

BN

cMp
MD X
NOP
SRT
$TO
SLA
SLT
5TO
LD

- §TO

BUSY2

XI0
BOD
XI0

Il
Il

I1

RANDM
3w it
SAVELl+]
RANDM

0

- VERT]

MAX
VERT!

8
POSIT+1
ls

8
POSIT
HOR
COMND
Dswo
BUSYL
WRIT
1
RETRN
MAX
RETRN

8
POSIT+1
16

B

POSIT
VER
COMND
D5WO
BUSYZ2
WRIT

RANDM

LOAD HORIZ POSITICN IN ACC
IF = C(CHECK VERT POSITION
TEST HORIZ WITH MAX=2033
IF GREATER BRANCH TO VERTI
IF LESS BRANCH TO HORIZ
SAVE AND

STORE 2ND POSITIONING WORD

ZERO ACCUM.

RECOVER AND

STORE 15T PCSITIONING WORD
SEND THE

HORIZONTAL RANDOM COMMAND
AND THE FIRST AND SECOND
WORD OF THE RANDOM
POSITIONING FORMAT

LOAD VERTI POSITION IN ACC
AND PREFORM THE SAME TESTS
AS FOR HORIZs BUT RETURN
IF VERTI VALUE IS NOT RITE

LEY



RETRN MDX
STX
SAVEL LDX
BACK BS5C
MAX bC
HOR bC
VER sl
BSS
bSWO DC
DC
WRIT ©OC
DC
AREA DC
oC
COMND DC
POSIT OC
ocC
END

L
L

RANDM CONTINUED

12
1 BACK+1
1 #=%
LS
2047
/8008
/8009
o
0
/6701
AREA
/65C0
/4004
126
¥
X L.L
% v

BEV



STOP

EOL

ENT
DC
CALL
ocC

BsC I

oc
END

STOP

STOP
e
WRITE
EQL
STOP
/8004

6EV



100

1023
10

11

MEAN&

REAL MEAN(&)sN(4)

INTEGER TAPE

DIMENSION ISAVE(4000)

DIMENSION SUMX(4) sSUMXX(4])9SD(4)
DIMENSION NFILE{({32)

DATA X1+XZ2/'STAN' s 'DARD!'/
MAX=4000

KONST=3

IBACK=100

READ(2+100) TAPEs IORIVINPPEBINUFIL
WRITE(32100})TAPE+»IDRIVINPPBINUFIL
READ(2+100) NFILE

WRITE(3+100) NFILE

FORMAT(1615)

READ(IDRIV) JTAPESIFILE
WRITE(3+1023)JTAPESIFILE
FORMAT(1Xs9215)
IF(TAPE=JTAPE}S0+10s50
IM=IDRIV=4

DO 40 IN=lsNUFIL

MI=IN+]

CALL FLSRHUISAVEsMAXeNFILECIN) oNFILE(MI)sKONST#IDRIVIBACK)

CALL MGTAP(IMs1sISAVEsMAX#NO)
WRITE(34+120) (ISAVE(IB)sIB=1+5)

120 FORMATI{1Hle1Xs'SCENE 1274 '916s!

3

400
26

1' DATA FOR THE 'sl6' SITE 3

ICONT=0

DO 400 =144
MEAN(TI 120
N{I)=0Q.
SUMX{I1=0s
SUMXX(TI1=0a
CONTINUE

CALL MGTAP(IMs1sISAVEIMAXINO)

DOVER te]5a
Y5I342Xs 'MONTH OF 19'912)

0%V



25

50

12
13

ALITVOD 9004 ®G
ST AOVd TYNIDTHG

200
27

701
702

201
703
40

90

106
80

MEAN4 CONTINUED

IFINDIT0927925

L=1

LL=2

DO 200 J=lsNOsh

IF(ISAVE(L)Y+ISAVE(LL) 5013950

JK=J

DO 12 1I=ls4

JCONT=ICONT+1

N{IT)I=N(IT)+1e

X=FLOAT(ISAVE(JK))

SUMX[IT)I=SUMX{TTI+X
SUMXX({IT)I=SUMXX(TT)+X%X

JK=JK+1

L=l+é

LL=LL+4

CONTINUE

GO TO 26

CALL MGTAP(IMsT»ISAVEsMAXNO!
WRITE(3sT01)X1eX2

WRITE(3+702)

FORMAT{/934X128496X9'"NUMg OF PT54')
FORMAT(25XI'MEAN"SXt'DEVIATION'i5Xi’CONSIDERED'J
DO 201 1J=le4

MEAN{IJ)=SUMXETJI/NTTL)
SD(IJ)SSUMXX(IJI*(SUMX(IJI*SUMXIIJ))/N(IJ)
SD(I1JI=SQRTI{SDITJNI/INIIII=10)]

KN=TJ ‘
WRITE(39703)KN|MEAN{KN)!SDKKN)’N(KN}
CONTINUE
FORMAT(IUKI'CHANNEL'913lZXoFToZ’SXlFB:B!éX!F?.O)
CONTINUE

GO 10 80

WRITE(3+106} TAPE

FORMAT{ 10X+ 'WRONG TAPEs SHOULD BE TAPE NUMBER!' #13)
CALL MGTAP(IM#5¢ ISAVE»MAXINGC]

END

vy
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FLSRH

SUBROUTINE FLSRH(ISAVEsMAXsNFILEWKFILEsKONST»IDRIVIBACK)

DIMENSTON ISAVE(1)

IM=IDRIV=4

CALL MGTAP{IMs74ISAVEsMAXsND)
ICHEK=NFILE=KFILE
[F(ICHEK~NFILE)B»1098
IF{ICHEK 19192
ICHEK=KFILE=NFILE+]

CALL W1322(IDRIVsICHEK)

GO TO 10

IF(ICHEK=KONST)343 4
IF{IBACK=NFILE)9 94

DO 6 I=1¢2

CALL MGTAP{IMsT+ISAVEsMAX +NO)
CALL MGTAP{IM#»22ISAVEsMAXINO)
IFINOY3sTs3

ICHEK=ICHEK =1

IF(ICHEK 100343

CALL MGTAP{IMesSs1SAVESsMAXINO)
CALL W1322(IDRIvVs2}
IF(KFILE=1)10+1045

CALL W1322(IDRIVeKFILE)
RETURN

END
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DESPY

THIS 1S A PROGRAM THAT WILL DISPLAY DIGITAL DATA IN SECONDARY FORMAT

ON THE DICOMED DISPLAY
INTEGER COR
DIMENSION IVECT(&OOOJ'IDSAV{TGO)DID(26}1100(256)lMINMX(2)
1»IDSA(T700)
DATA MINMX/V V4120,
IMAX=56000
COR=2
LINE=3
NCHAN 1S THE CHANNEL THAT IS TO BE DISPLAYED
MGIN T IS THE DRIVE ON WHICH THE INPUT TAPE 15 LOCATED
NUMCH 1S5 THE NUMBER OF CHANNELS ON THE DATA TAPE TO BE DISPLAYED
IMAGE WILL RESULT
IRCD1 IS THE FIRST RECORD TO BE DISPLAYED
IRCD IS THE NUMBER OF RECORDS TO BE DISPLAYED
INCRR = INCREMENT RECORDS
KSMP1 IS THE FIRST PIXEL ON THE SCAN LINE TO BE DITPLAYED
KSMP IS THE NUMBER OF PIXELS TO BE DISPLAYED
INCRS = INCREMENT SAMPLES WITHIN RECORDS
IVALL = MINIMUM DIGITAL VALUE EXPECTED
IVAL2 = MAXIMUM DIGITAL VALUE EXPECTED
INCRY = INCREMENT OF DIGITAL VALUES
, READ(2’1000)NCHAN!MGIN:NUMCH:IRCDI'IRCD-INCDR-KSMPl:KSMP-INCRSo
1IVALI 2 IVALZ2s INCRYV
READ(2+103} ID
103 FORMAT(26A1)
DO 5 I=1+256
5 IDD{I)=MINMX(1)}
DO 3 I=1s1VAL]
3 IDDII)=MINMXIL)
- DO &4 l=1vALZ2+256
4 IDD(I)=MINMX(2)

1000 FORMAT(16I5)

INITIALIZE SCREEN

£yv



DESPY CONTINUED

J=0

K=IVAL1=-1

0O 1 I=IVAL1sIVALZsINCRV
Jal+l

DO 1 L=1+INCRV
‘ KaK+1
1 10DIKY=1D{}

. DO 2 I=IVALLlsIVALZ2sINCRYV
XA 11=1+INCRV=1
XS 2 WRITE(391011 Is114IDDCI)
Z 101 FORMAT(1X»218s2XsAl}
3 WRITE(3+102)
) 102 FORMAT(1H1}
CALL MGTAP(MGINs1#IVECTsIMAXSNO)
¢ CHECK FOR AN ERROR
IF{NG)20920440
20 WRITE(LINE»2000)MGINSNO
2000 FORMAT{1Xs'BAD READ ON DRIVE '»1392X»'ERRCODE' s1Xs159//)
CALL STOP
CALL RWIND{MGIN)
CALL EXIT
40 CONTINUE
DO 50 I=1sNUMCH
TA=]+2 |
IF(IVECT(1A)=NCHAN) 50570350
C PAGE 1 CONTINUE PROGRAM DESPY
50 CONTINUE
WRITE(LINE#2010)
2010 FORMAT(1X»s'COULD NOT FIND CHANNEL POSITION AS SPECIFIED ON TAPEsC
#HECK AND MAKE SURE THAT YOU HAVE RIGHT TAPE=CALL EXIT's//) =
CALL EXIT |
C THIS 1S THE CHANNEL POSITION OF THE PIXEL
70 1POSI=l+24
MM=0
MMM=1

oy



DESPY CONTINUED

KSMP2=KSMP1+KSMP=1
B5 CALL MGTAP(MGINs1sIVECT» IMAXsNO)
IF(NO)20+20490
¢ THIS IS IF WE GOT A GOOD READ
C SKIP TAPE RECORDS UNTIL WE GET TO IRCDI
50 IFUIVECT(11=I1RCDL)855110985
- 110 IFCIVECT(2))1205130+120
?é 120 IF(IVECT(21=1112551309125
DB 125 WRITE{LINE»2030)
©, v 2030 FORMAT(1Xs!TAPE RECORDS ARE NOT IN CORRECT ORDER=CALL EXIT!s//)
CALL EXIT
130 ITHIS=IVECT(1)
IVCTE=IRCDL1+1IRCD
MM= MM+ 1
1D1SE=0
142 IDISS=IDISE
CALL SELET(IVECT(IPOSI)»IVECT»NUMCHsNO]
CALL SPLIT(IVECT»IDSAV(IDISS) sNO)
[DISE=IDISS+NO=2
145 CALL MGTAP (MGINs1+IVECT s IMAXsNO)
IFINOIZ20+204150
150 IF(IVECT(1))160s1459160
160 IF(IVECT(1)=ITHIS)1709142+170
170 IF (MM=MMM) 17501804175
180 MMM=MMM+ INCDR
DO 155 KK=KSMP1sKSMPZsINCRS
KKK=701=KK
JJ= IDSAV (KKK )+1
155 IDSA(KK)=10D(Jd)
WRITE (391001 MMs (1DSA(KK) sKK=KSMP1sKSMP2 » INCRS )
175 1F(IVECT(1)~IVCTE)1309130+260
100 FORMAT(1X»159+2Xs126A1)
260 CALL SKIP(391)
"CALL EXIT
END
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SWK&4
SELET

LDXR1
LDXRZ
LDXR3
LOOP

ADRS
NV1

NV2

KMIN1

ENT
EQU
0C
CALL
MDM
LDX
LD
sTo
LD
sTC
Lo
M
SLT
STQ
sT0
LO
570
LD
sTO
LOX
LOX
LDX
LD
STO

LD

CRNe
MDX
MO X
MDX
MD X
MDX
CALL

o1
END

Il

Ll
L2
L3

[

Ll

L3

SELET

CALL SELET(IDeIOUTsNVINCONT)

SELET

54

¥ o 3¢
QZ5AV
SWK& p+4
SELET

0
LDXR1+1
1
LDXRZ+1
2 .
KMINI
16
NV1+]
Nv2+1l

3
ADRS+]
3
LOXR3+1
¥ -

-

# -

KO
ADRS+1
0

0
gl
L X

-1

3 ==t
LQOOP
QZEXTY
=1
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DISCM

SUBROUTINE DISCM

MULTIPLE GROUP DISCRIMINANT ANALYSISe A COOLEY-LOHNES PROGRAM.

THIS PROGRAM COMPUTES DISCRIMINANT FUNCTIONSs THEIR CANONICAL
CORRELATIONS WITH GROUP MEMBERSHIP DUMMY VARIATESs F=RATIOS FCR
THESEs AND CENTROIDS OF GROUPS IN THE STANDARDIZED DISCRIMINANT
FUNCTIONS SPACEs COEFFICIENTS FOR COMPUTING STANDARDIZED
DISCRIMINANT FUNCTIONS SCORES FROM DEVIATION TEST SCCORES ARE
PUNCHED OUTe

REQUIRED SUBRQUTINES ARE DIRNM AND HOWe

INPUT

1} FIRST TEN CARDS OF OATA DECK CONTAIN A TEXT DESCRIBING THE
JOBs WHICH WILL BE REPRCDUCED ON THE QUTPUTs DO NOT USE COLUMN 1l
2) CONTROL CARD (CARDL1)
COLS 1-2 M=NUMBER OF VARIABLES
COLS 3=5 KG=NUMBER OF GROUPS
COLS 6=10 N=NUMBER OF SUBJECTS
COLS 11-12 KC=NUMBER OF CONTROL VARIABLES PREVICUSLY
PARTIALED OUT BY COVAR (THIS VALUE WILL BE A
ZERQ IF INPUT MATRICES COME FROM MANOVAI.
31T MATRIX (TOTAL SAMPLE DEVIATION SSCPs AS PUNCHED BY MANQOVA
OR COVAR).
6} W MATRIX (POOLED WITHIN=GRCOUPS DEVIATICN SSCP MATRIX» AS PUNCHE
BY MANOVA OR COVARI}
5) GROUP MEANS (AS PUNCHED BY MANOVA OR COVAR]) .
6) GRAND MEANS (AS PUNCHED BY MANOVAIl.

DIMENSION A(20220)9B(2092009C(20020)4TL20)9U(20)9V(20)

# WE20)9X(20) Y (201921201 9TIT(1092C)sD12Cs2C)»E(20+2C)sIWS(L0}
* ISCN{20)aNVI20)

COMMON MoKGoaNIKCoTIToNTITLE s IWS»ISCNaNY

o
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DISCRM CONTINUED

1 WRITE (&e2)
2 FORMAT(65HIMULTIPLE GROUP DISCRIMINANT ANALYSISe A COOLEY~=LOHNES
2PROGRAMe )
2301 FORMAT(182{10A4))
DO 3 I = 1sNTITLE
2 WRITE(G ) (TIT{IsJ)sd=1920])
WRITE(6 92302 INVIKIIK=1eM]
2302 FORMAT(///1%+'FOR THIS ANALYSIS = = THE FOLLOWING DATA WERE USED
1//720Xs'BANDS'9515)
DO 2303 1=14KG
2303 WRITE(692304) ISCN{LIeIWS{I)
2204 FORMAT(1Xs'ERTS SCENE'9I5s!' = = WATERSHED':15)
WRITE(6+2305)
2305 FORMAT(////7)
4 FORMAT(20A4)
3 FORMAT (I2s I3 159 12}
& FORMAT (10Xs GSEl&eT)
DO 6 J=lM
READ(3,2301) (Cl{JeK)eK=JeM)
& CONTINUE
REWIND 3
PO 7 J=1M
READ{4+2301) (B{JeXK) oK=JM)
-7 CONTINUE
REWIND &
DO 8 J=lsM
DO B8 K=JsM
CikeJ)2ClJaK)
B BixsJi=B(JrK)
DO 15 JsliM
DO 15 K=1sM
AlJsKI=ClJaK) = B{J#K)
NOW CONTAINS THE A MATRIX (AMONG=GROUPS DEVIATION S5CP MATRIX!.
CONTAINS THE W MATRIX (WITHIN=GROQUPS DEVIATION SSCP MATRIX),.
IF (M=KG} 10+11s1l

[y
>
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11
12

ROOTS OF W INVERSE * A ARE IN T AND COLUMN EIGENVECTORS ARE [N De

DISCRM CONTINUED

MD=aM
GO TOC 12
MO=KG=]

CALL DIRNM (A» Ms Bs Ds Ts MD)

EMeM
EXG=KG
EN=N
EKC=KC
XL=1.0

" TRACE=(C0

13

14

16
18

17
2

DO 13 JzleMD

Ul JreT i1 /7(1e0+T(J))
VIJISSQRTIULJIY)
WlJI=21e0/{1a0+T(J})
AL=XL*#Wi{J)
TRACE=TRACE+TI(J}

D25 (EN=]le=EKGHEM) ®*TRACE
DO 14 JslsMD
21J1=10040%(T(J)/TRACE)
IF {M=2) 16216y 17

1F (KG=3) 18918y 17
yL=XL

Fl=2.0
F2sEN=340=~EKC

GO T0 19

SL=SORT ({(EMHEMI#{ (EKG=1eQ)#*2) =440}/ (EM*EM)+
[{EKG=1a0}##2)=5,0))

YL=XL#%¥{1a0/5L)

PLE{EN=1eC0=EKL}={ (EM+EKG) /240

QL= = ((EM # {EKG=1a0))=240)/440

RLeE(EM*{EKG=1a011/240

Fl=2eQ0%*RL

6%y



F2=(PL*¥SL)+(240%QL)

19 N1l=F1
N2=F2
Fe({le0=YL)/YLI®*(F2/F1)
YL=]e0=XL
WRITE (6s201)XLsYL

201 FORMAT{'OWILKS LAMBDA = 1sF544y! GENERALIZED CORRELATION RATIO»

CETA SQUARE = 'yF544!
WRITE(64+20) F

2o
§§ DISCRM CONT INUED
=
?@ ri
5
&3
&

20 FORMAT(45HOF=RATIO FOR M2 +OVERALL DISCRIMINATIONs= FOe2)
WRITE(&921) Nls N2
21 FORMAT(8HMONCF1 = 13» 12H AND NDFZ = lé)
<J=MD
X{J+li=1le0
22 XlJdi=xX{J+li=»win
w=Jd=1

IF{J) 23+23422
23 DO 24 J=l.MD
24 Y({J)= = PL # ALOG{X{J)}
WRITE(691002) TRACEsDZ
1002 FORMAT('OTRACE OF W=INVERSE#A=z t4F10s5//9' GENERALIZED MAHANANOBIS
1 D=SQUARE = '+F1545!
WRITE(6s25]
25 FORMAT(4BHOCHI=-SQUARE TESTS WITH SUCCESSIVE RCOTS REMOVED )
WRITE(6e261)
261 FORMATI(1HO 120X s22HIETA) (ETA SQUARE))
WRITE(&6e26)
26 FORMAT('QROOTS REMOVED CANONICAL R R SQUARED EIGENVALUE
1CHI=5QUARE NeDeFa LAMBDA PERCENT TRACE ")
DO 27 J=14MD
JT=d=1 _
NDF={M=JT ) #(Ko=JT=140)
2T WRITE(6928)0ToaVIJ o Ul U aT U aY(J)s NOFs X{J)eZid)
28 FORMATI6XLI4!9X!2{F603lBX]'F913!5X|F10|004XlIS’ZXOF?-Z!FB.Z]
C
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29

a0

3l

32

a3
49

34

s

36

a7

DISCRM CONTINUVED

DO 29 J=1aMD

DO 29 K=1lsM

AlJsK)I=0a0

DO 29 L=1M
A(J’KJ‘A(JrK1+D(LfJ]*(C(LiK}/(EN-laO)J
DO 30 J=1lyMD

DO 30 K=1leMD

Bl{JeK)=0a0

0O 30 L=1sM
BldsK)aBlJaKI+ATIsLI*D{L 9K}

0O 31 J=14M

DO 31 KsleMD
DlJeKI=D{JaKI#* {1 20/SQRTIB(KIK)))
WRITE(&232)

WRITE(T7+32)

FORMAT{ Z5HOROW CQEFFICIENTS VECTORS )
PO 23 J=14MD

WRITELG#45) Je (DIKsJ) o K=1aM)
WRITE(7+49) J (DiKsJd) o K=lM)
FORMAT(SH D F 1312X»5EL14e7 / [10Xe5E1lLe7))
DO 34 J=lM

Z{J)=SQRT(C(JsJ) / (EN=140})

TOTAL SAMPLE STANDARD DEVIATIONS ARE NOW IN Z.

DO 35 J=1sM

DO 35 K=1l+M

ClUpX)=ClJeK) / (EN®Z(JI#2{K))
TOTAL SAMPLE CORRELATION MATRIX IS NOW IN Ca
DO 36 J=lM

DO 36 K=lsMD
Bl{JsKI=D(JsK)#Z(J)

DO 37 J=lsM

DO 37 K=1sMD

AlJsk)I=0e0

DO 37 L=1sM
AlJde)=zAl oK I+CL L) #B LK)

13324
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39
40

4]

42

43

44

45

46

47

51

WRITE(&»38)

DISCRM CONTINUED

FORMAT(42HOFACTOR PATTERN FOR DISCRIMINANT FUNCTIONS )

DO 39 JulM

WRITE(6940) JsolAlJsK)y K=1l9MD)
FORMAT (SHOTEST 14¢10(3X9sFT7431/(9X2Ll0(3X»F743)1})

DO 41 J=1M
T(J)=0+0
DO 41 K=1sMD

TIH =T {JI+ALJeK I AL J9K)

WRITE(6942)

FORMAT{ 16HOCOMMUNALITITES FOR I5421H DISCRIMINANT FACTORS

WRITE(6943)

{

FORMAT(1HO»10(2X»

DO 44 J=1sMD
T(J)=0.0
DO 44 K=lM

J TiJ)o J=leM])
[39 FTa3))

TLIETISI+A(KrJI®ALIKY D)

WRITE(&145)

FORMAT{53HOPERCENTAGE OF TRACE OF R ACCOUNTED FOR BY EACH ROOT

DO 46 JslasMD
T(h)=10060%(T(J)
WRITE(69+43)

KGT=KG+1
DO 47 J=1sKGT

/ EMI
{Je TlJ)s J=1eMD)

READ(L142301) (A(JsK)} 1K=zl sM)

REWIND 1

READS GROUP MEAN VECTORS AND GRAND MEAN VECTOR INTO COLUMNS OF A

COLUMN KGT CONTAINS THE GRAND MEANS.

DO 48 J=14KG
DO 51 K=1sMD
Ti{Xi=0e0

DO 51 L=1sM

TIKI=T(KI+LA(JIL)

WRITE(6+50)

oy

= ALKGTsiL})} #* DIL#K)
MD

)

)
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DISCRM CONTINUED

50 FORMAT{20HOCENTROID FOR GROUP
ZMINANT SPACE ) -
48 WRITE(8943) (Ke  T(K}y
NE=1
DO 1000 Kl=l4KG
DO 1001 J=1sM
1001 READ(Bs2301} (ALJsK) oKz M)
DO 101 J=lsM .
DO 101 K=1sM
101 A(KsJ)=ALJsK)
DO 104 I1=14MD
DO 103 12=14M
E{I1012)%040
DO 102 I3=14M

Ia49aH IN 144932H DIMENSIONAL DISCRI

K=1oMDI

102 ECI1el2)=E(ILlol2)+(DlI3sI12A(I3,12))

103 CONTINVE

104 CONTINUE
0O 107 1l=1,MD
DO 106 12=1+MD
AlIleI21=040
0O 105 12=14M

105 A(ILlel2)=A{T1912)4(ECIL1eI3)%D(I3912))

106 CONTINUE
107 CONTINUE
WRITE(6+42012)K19IWS(K])

2012 FORMAT(/////1X%+'DISPERSION IN REDUCED SPARE FOR GROUP 'y12y

1' WATERSHED '915)
DO 2013 Il=1+MD
WRITE(6s108)(A(I1912)412n]eMD)
108 FORMAT{10X#»8(El4eT92X))
2013 CONTINUE
1000 CONTINUE
REWIND 8
RETURN
END

134
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16

DIRNM

SUBROUTINE DIRNM {AsMsBrXsXLILVECT)
SUBRQUTINE DIRNMs DIAGONALIZATION OF A REAL NON=SYMMETRIC MATRIX
OF THE FORM B+INVERSE*As CODED BY Ps Rs LOMNESS Us Ns He

As Ms By X» AND XL ARE DUMMY NAMES AND MAY BE CHANGED IN THE
CALLING STATEMENT.

A AND B ARE M BY M INPUT MATRICESe UPON RETURN VECTOR XL CONTAINS
THE EIGENVALUES OF B=1#As AND MATRIX X CONTAINS THE EIGENVECTORS
IN ITS COLUMNSe SUBROUTINE HOW PACKAGE IS REQUIREDe

LVECT SPECIFIES THE NUMBER OF EIGENVECTORS TO BE RETURNED-

DIMENSION A(20920)9B{20920)9sX(20920)9XL(20)sDUML(20)9DUM2(20)
1sDUMB(20)9sDUMAL201}9E(20)

CALL HOW (Ms20eMeBosXLoXsDUML sDUM2 9DUM3 »DUMS }

DO 13 I=1wM
DIAG=SQRT(ABSIXL(II )
0O 13 J=lsM
Bldsl)2X{Je1)4DIAG
DO 1 I=1sM
XL{I)=1eO/SQRT(ABSIXLIT) ) )
DO 2 [=alwM

DO 2 J=lM
Bllsd)aX(IaJ)®XL{J)
DO 3 lelsM

DO 3 JslaM

- X(IlJi=000

DO 3 KelsM
X{Tod)aX{IaJ I +BIKsl I HAIKsJ)
DO 4 I=1sM
DO &4 JmlM

vsv
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DIRNM CONTINUED

AlleJ)=0e0

DO & K=1leM,

AlTod)sAll s d)4+X(IaK)I*B(KoJ) ,

A NOW COMTAINS BPRIME # A#B OF THE NOTES.

CALL HOW(Ms20sLVECT sAs XL 9X3DUM1 9DUM2 sDUM3 1 DUMS )

CO & l=lsM

DO 6 J=1sM

Allsd)=040

DO & K=l:M
AlTeJ)2All o J)+BLI oKX (Ksd)
DG 9 I=1sM

SUMy=0,0

DO 7 J=lM
SUMV=SUMV+H{A{ sl ) #52)
DEN=SQRT (SUMV)

DO 8 J=1lwM
X(Jsl¥=AlJsl) /DEN’
CONTINUE

COLUMNS OF X{lsJ) ARE NOW NORMALIZED.

RETURN
END

ooy
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HOW

SUBROUTINE HOWI{MVARsMDIMsNVECTIR9EsVeAsBICD)

EIGENVALUES AND EIGENVECTORS OF A SYMMETRIC MATRIX» ALGORITHM

BY HOUSEHOLDERIORTEGAAND WILKINSONe ORIGINAL PROGRAM BY

DAVID We MATULA UNDER THE DIRECTION OF WILLIAM MEREDITHWUNIVERSITY
OF CALIFORNIAs BERKELEY»1962.

MODIFIED BY Ps Re LOHNESs PROJECT TALENTs 1956

M IS THE CRDER COF THE INPUT MATRIXsR.
MD IS THE DIMENSIONED SIZE QF R IN THE MAIN PROGRAMs
NV IS THE NUMBER CF EIGENVECTORS TO BE COMPUTED.
E IS THE VECTOR IN WHICH THE EIGENVALUES ARE RETURNED.
V IS THE MATRIX IN WHICH THE EIGENVECTORS ARE RETURNED.,
THE EIGENVECTORS ARE STORED AS COLUMNS IN V.
AsBsCsAND D ARE WORKSPACE VECTORS

DIMENSION R{LI9E(LI)oV(1)oA(1)aBl11aC{1)eDI{1}

M=MVAR

MD=MDIM

NV=NVELT

IF(M=1)100197996

Ml=Mel :
TRI=-DIAGONALIZE THE MATRIX.

M2=M1%*¥MD+M '

M3sM2=MD

M4=MD+1

L=0

DO 1 I=1sM2sMG

Lel+l

AlLi=RIT)

B(11=0.0

IF(M=2)134243

KK=0

DO 15 K=Z2sM1

95V
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KL=kKK+K

KU=KK+M

KJzk+l

SUM=0,0

DO & J=KLsKU
SUM=SUM+R () ##2
S=3QRT(SUM)
Z=R({KL)
B{K)=5IGN(Ss=2)
S=1.0/5
CIK)=8QRT(ABS (2]
X=SIGN{S /7 CiK)y 2}
RIKL)=CI(K)

DO 5 l=KJeM
JJ=]+KK
Clly=x#R({J4N
R{JI)=CH])

DO 8 J=KM

JIEJ+l

D(J)=0.0

L=kK+J

DO & 1=K»s»d

L=L+MD
DiJ)I=D(J)+RIL)*CI{I)
IF{JJ=M) T4799

DO 8 l=JJM

Lel+]
DIJI=DIII+R{LISNCI])
X=0a0

PO 10 J=KaM
XeX+ClJID{ U}
XzoeHQ#X

DO 11 I=KM
D(Li=x#C(I)=D(1)
LL=KK

HOW CONTINUED

25 4 10}
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15

13

130
14

lé

17
101

105
110
115
120

18

HOW CONTINUVED

KK=KK+MD

DO 15 [=KM

Li=LL+MD

DC 15 J=lsM

L=Li+d
RILIZRELI+DITI®CL ) +D I RCHL )
L=1

DO 12 1=m1aM

XepAl(l)

Alll=R{L)

RiLi=X

LelL+M4

B(M)=aR(M3)

COMPUTE EIGENVALUES.
BD=ABS(A{1})

DO 14 [=2M

IF (BD=(ABS(A{]))I+BI1)##2))1130»14s14
BD=ABS{AIT})+B(I %2
CONTINUE

BD=BD+1.0

DO 16 I=1sM

Atl)=A{ 1) /8D

B{Il)=8(1)/8BD

D{II=1e0

E{l)==1.0

DO 37 KelM

IF (ABS(DIK) )=ABSIEIK)I})101+101s105
AMAX1l= ABS(E{K)) '

GO TO 110

AMAX1l= ABSI{D(K))

1F (AMAX1=1sE=9) 1151204120
AMAX]1 = leE=9

CONTINUE

IF ((DIK)=E{K))I/AMAX1=1eE=6) 37937418
X=s(DIK)+EIK) ) #4450

BSvY



19

20

21
22
23
24
25
26
27
28
29

30
31

32
33
34

HOW CONTINUED

182=1

$2=152

Cll)=A{1)=X
IF(CI11)19020920
[Sl==]

51=181

N=0

GO TO 21

Isi=1

§1=151

N=1

DO 31 I=2+M
IF(B(I))Y22026922
IFIBII=11)23927423
[F(ABS{C(I=1))+ABS(C(I=2))=1, 0E-15124-25v25
C(I=11=C{l=11#140EL1>
C{I=2)=Ci{I=~2)#140ELS

ClI) = (A(II=X)#C({I=1)=B{l)in#2 * C([=2)
GO TO 28

Ctly = (A{I)=X) # SIGN (leC» S1)

GO TO 28

C(I) = (A(L)=X) # C({I=1) = SIGN (B{])#¥2,y 52]
$2 = §1

152=52

IF (CtIy) 2%+ 30s 29

S1 = SIGN (51+C(11))

181=51

IF (I82+151) 230y 31 30

N =N+1 '

CONTINUE

N=M=N

IF (N = K} 34y 32y 32
DO 33 J = K N

DEJ)Y = X

N =N+ 1

65V
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36

37

38

39
40

41
42

43

44
45
48
47

76
77

78
79

HOW CONTINUVED

IF { M = NJ 17+ 35¢ 35
DC 36 J = N+ M

IF (X = E{J)} 17+ 17+ 36
E{JdY = X

GO T0 17

CONTINUE

DO 38 I = 1s M

A(I) = A{I) # BD

B(I) = B(l) * BD |
ClI) = (DUI) + E(1)} % BD #* 450
Ml = M

K =1

1 =1

DO 43 J = 1s Ml

IF (1 = J) 41y 43y 4l

IF (C(I) =C()) 43y 43 42
I =J

GO TO 40

CONTINUE

E{K) = C(I)

K =K+ 1

M1 = ML = 1

IF (I = M1l = 1) 449 46y 46
DO 45 MZ = 1» M1

C(M2) = C(M2+1)

IF (M1 = 1) 47% 47y 39
E(K) = Ci1)

IF CISIGN (ls NV} 7%s 762 76
DO 77 T = 1s M

C{I) = E{(1)

<4 = M :

DO 78 I = 1 M

E(I) = C{J)

w 2 J =1

CONTINUE

09v
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48

49

50
51

52
53

54

56
57

HOW CONTINUED

IF (NV) 48y 99 4B

Id=J+1 =1
VIIJ) = (1a0 = DI} * ViMII)/ CIL1)

KX = [TABS{NV)

J =1

DO 98 INV = 1akX

X = A(l) = E(INV)

Y a B(2)

Ml = M =]

DO 54 [ = 1y M1

Id =0+ ] =« 1

I1IF (ABS (X} = ABS (B{I+1))) 4G9  S1l»
Ci{l}) = B(I+1}

DII) = A(I+1) = E{INV)

VilJ) = Bll+2)

2 = =X/ Cl1)

X = Z # D(l) + Y

IF (M1 = 1) 50s 54y 50

Y = 2 = V(IJ)

GO TO 54

IF (X} 83s 52y 53

X = l40E~10

Ctl) = X

DI}y = Y

VIiIJ) = Qa0 :
X = A(I+1l) = (B{I+1) 7 X * ¥ + E(INV))
Y = BlI+2)

-CONTINUE

Md = M+ J =1

IF {X) 56+ 60 56

VIMJI) = 140 7 X

[ = M1

DECIDE WHETHER TO COMPUTE EIGENVECTORSs AND IF SOy HOW MANY

53

19V
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KIrTva® 800d J0

58

59

60

61

62

&3

64

65
66

68

HOW CONTINUVED

X VIMJ)%%2 + V{]J)*%2
{ I -1

IJ=Jd+1 =1

IF (1) 59» 61y 59

VIIJ) = (140 = (D(I) # V{IJ+l)

X = X + VIi1Jgt#se2
GO TO 58

VIMJ) = 1,0E10

GO TO 57

X = SQRT(X)

CO 62 1 = 19 M
=4+ ] =1
VIIJd) = v{IJ} / X
J1l = M1 ¥ MD = MD
K =M

GO TO 66
K=K=1

J1 = Jl = MD

Y = 040 '

DO 64 [ = K¢ M
ly=dJd+1 =1

L =Jl + 1]

Y = Y + V(IJ] * R(L)

DO 65 I = Kr M
IJ=04+1=1

L= Jl + 1]

VIIJ) = VIIJ) =Y # R(L)

IF (J1) 63+ 67y 63
NPLUS = O

NMIN = O

0O 70 I = 1y M
IJ=J+1 =1

IF (vilJd)) €8y 699 69
NMIN = NMIN + 1

GO 70O 70

* V(lJ+e21)))
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ALTVAD ¥0Od 40
ST H9Vd TVNIOTIA

HOW CONTINUED

69 NPLUS = NPLUS + 1
70 CONTINUE
IF (NPLUS = NMIN)  T1s 73 73
710072 1 = 1 M
10 =0+ 1 =1
72 VI1J} = =V{1J)
73 CONTINUE
98 J = J + MD
RESTORE THE INPUT MATRIX.
99 MDL = MD + 1
JJ = MD1
ML = M ¥ MD
DO 75 I = 2» M1y MD1

K =1
DO T4 4 = JJs Mle MD
R{K) = RtJ}

T4 K = K + 1

75 JJ = JJ + MD1
GO TO 100

97 E(1) = R{1)
V(l) = 10

100 RETURN
END
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§1 EOVd IVNIDINO .

ﬂﬁ(\ﬂﬂﬂﬁﬁﬁﬁﬁnﬁﬁ‘ﬁﬁﬁﬂﬂﬂﬁﬁﬁﬂﬂﬁﬂﬁﬂﬁﬂﬂ(‘l

MANOVA
MULTIVARIATE ANALYSIS OF VARIANCEe A COOLEY-LOMNES ROUTINE s

THIS PROGRAM COMPUTES MANOVA TESTS OF H1(EQUALITY OF DISPERSION
AND H2 (EQUALITY OF CENTROIDS)s UNIVARIATE F=RATIOS FOR MEANS»
SELECTED SAMPLE STATISTICSs AND THE W (POOLED WITHIN=GROUP SSCP)
AND TITOTAL SAMPLE SSCP] MATRICES REQUIRED FOR THE DISCRIMINANT
ANALYSIS PROGRAMe THESE MATRICES ARE PUNCHED IN UPPER=TRIANGULAR
FORMs THE PROGRAM WILL PROCESS UP TO 50 VARIABLES AND ANY NUMBER
OF GROUPS.

INPUT

1JFIRST TEN CARDS OF THE DATA DECK DESCRIBE THE PROBLEM IN A TEXT
WHICH WILL BE REPRODUCED ON THE QUTPUTes DO NOT USE COLUMN 1,

2) CONTROL CARD(CARD 11)

COLS 1=2 M=sNUMBER OF VARIABLES

COLS 3«5 KG=NUMBER OF GRQUPS

3)FORMAT CARDI(CARD 12)

41EACH GROUP OF SCORE CARDS IS PRECEDED BY A CARD GIVING
NG=NUMBER OF SUBJECTS IN THE GROUPICOLS 1=5).

THUSs SUBJECTS MUST BE SORTED INTO GROUPS AND THE GROUPS COUNTED
BEFORE MANOVA CAN BE RUN,

PUNCHED OUTPUT IS ALL TO FORMAT{10X95E1447 /{10Xs S5El4e7))sAND IS
11GROUP MEANS» FOLLOWED BY GRAND MEANSs

2)T MATRIX(TOTAL SAMPLE DEVIATION S$8CP MATRIX)

3)IW MATRIX(POOLED WITHIN=GROUPS DEVIATION SSCP MATRIX!

4)D INVERSE(INVERSE OF POOLED=SAMPLES DISPERSION £STIMATL

SUBROUTINE MATINV IS REQUIRED.

DIMENSION TIT(10+20)sA020520)9B(20s20)9C(20+2074

y9v
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Ei.HOVL GTVNIDII0

MANQVA CONTINUED

#T (200 eU(20) oW l20) 9% (209D 1200201 9NVI20)
HIWSI20) 9 ISCNI20) oSDALL G ) 9SMIG) 9y (3)
COMMON MoKGINIKCoTITINTITLE » JWSo ISCNINY
READ{5+1121) IGROUP
1121 FORMATI{12)
C
DO 1122 I=1,»I1GROUP
READ(5+110L)ISNsISHDSITIL NG
1101 FORMATI(6Xs159T19915+T310159T42»18)
Yi1l)=15N
Y{21s[SHD
Y{3)=NG
WRITE(24+102)Y
DO 1123 J=las
READ(G» 1102)(50A(J:K);K 1s4)
WRITE(Z22102)(SDALJIK) sK=104)
11232 CONTINUE '
READ{B911021 {SMIK) 1K= 14}
WRITE{(2+102} {SMIK}eK=14s4)
1122 CONTINUE

REWIND 2

WRITE(S6s2)
2 FORMAT(33K1MANOVAs A COOLEY=LOMNES PROGRAM
READ(S91C01+END=53INTITLE
DO 3 J=1sNTITLE
READ(S4) (TIT(JIK) »K=120)
3 WRITE(S+4)ITIT{JeK}K=1920)
4 FORMAT{Z20A4)
READ(5s5) MeKG
5 FORMATI(IZ2s13)
READ(5+10C1) INV(I!1al=14M)
1001 FORMAT(2513)
WRITE(621003) INVII}sl=z=1lsM)

-
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AVNISTYIO

ST &dvg

Rirmvay

MANOVA CONTINUED

1003 FORMAT{'OVARIABLES FOR THIS RUN ARE»'/42513/928X92513)
102 FORMAT(162{10A4))
1102 FORMAT(19Xs4ELl447)
EM=M
EKG=KG
EK=KG
WRITE(&»86) MeKG
‘& FORMATI13HOANALYSIS FOR !3s14H VARIABLES ANDI4s7H GROUPS)
WRITE(6:+9)
9 FORMATI1HO 925 (SHemmm=m) )
DO 7 J=1leM
T{JI=0.0
DO 7 K=1M
BlJskK1=040
7 ClJrK)=040
HILOGSu0.0
GA1S=0.0
FALlS=040
N=20

DO 19 IG=1KG
READ(2s1021)Y
ISCNLIGI=Y (]}
IWS{IGi=Y(2)
NG=Y(3)
DO 1124 I=1ls4
1124 READI(2+102) (SDA(I 1K) sK=1194}
READ(2+102) {SMIK) sK=194} '

ENG=NG
NaN+NG
WRITE(6+9!
WRITE(6910}IGING
10 FORMAT(/1Xs'GROUPts13y! NGt 9]17)

WRITE(6+1104)ISCNIIG) s IWS{IG) :
1104 FORMAT(/1Xs'ERTS SCENE'+15s' WATERSHED's15)

99v
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SF ADVd [TVNIDIHO

11

12

13

14
15
16
30

17

1004

i8

19

MANOVA CONTINUED

DO 11 J=1sM

UtJ)=SMINVIJ))

PO 11 K=1sM

AlJoK)=SDAINVIJ) aNVIK))

DO 12 J=leM

TINaTN+U(J)

DO 12 K=1M
ClJaK)=ClURI+A L JIK)

DO 13 u=1laM

DO 13 K=lsM

AlJsKIsA(JeK)=UlJ) % UIK) / ENG
BlJsKI=B(JeKI+ALJIK)
AlLJsKI=A(JeK) 7/ (ENG=140)

DO 14 J=1.M

UEJI=ULJIZENG
WI{JI=SQRT(A(Jrd))
WRITE(G6s156)1IG

FORMAT{17HOMEANS FOR GROUP 14}

WRITE(&6916) | SEQUp J=1lsM)

FORMAT(1HO#10{3XsFT742))
WRITE(1s10211ULU) sd=1pM)

FORMAT(4H ROWI3 43Xy 5EL14e7 /7 (10X95E1447))

WRITE(&6917)
FORMAT({21HOSTANDARD DEVIATIONS )

WRITE(69161 (WD) pdxleM)

DO 1004 J=14M
WRITE(B$102) {A{JIK]) sK=U9M)
CALL MATINVIAMDET)
WRITE(&6»16) DET

FORMAT{26HODISPERSION DETERMINANT & El4e4)

HILOGS=H1LOGS+{ (ENG=140) #ALOG (DET))
FALS=FALS+(1s0/(ENG=1401})
GALlS=GALS+{1a0/((ENG=10)1#%21)
WRITE(699)

L9v
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o1 JOVd TYNIDTEO

20

21

22

23

38

34

35

MANQVA CONTINUED

REWIND 2
REWIND 8

EN=N

BO 20 J=lsM

DO 20 K=lsM
AlJsKI=ClJekI=Ti{J) # TI(K)/EN
DideK)=Al X))

ClJoRI=B{JyK) / [EN=EKG)

B0 21 J=1leM

TEJYeT(J)/EN

UlJIeSQRT (Ctded))
WRITE{&s22)

FORMAT({23HOMEANS FOR TOTAL SAMPLE)
WRITE(6916) ( TCJY s J=1aM)
KGT=KG + 1
WRITE{12102)1T(J)sd=1eM)

REWIND 1

WRITE(&923)

FORMAT{35H0POCLED=SAMPLES STANDARD DEVIATIONS
WRITE(G&s16) (UTJ)ed=1sM)
WRITE(699)

WRITE{6s38)

FORMAT(SHOT MATRIX)

DO 34 J=1wM
WRITE(6+30)JelAlLJIK) oK) sM]
WRITE(39102) (A(JeK) sK=dsM)
REWIND 2

WRITE{(6+9)

DO 35 J=1l+M

DO 35 K=lM
A{JaKI=sAlJoKI=B(JrK)

A IS5 NOW THE A (AMONG=GROUPS S55CP) MATRIXs B IS5 NOW THME w
GROUPS SSCP) MATRIXe C IS NOW THE POOLED=GROUPS DISPERSION ESTs

29V



28
29

3l

32

1006
23

WRITE(&+28)

FORMAT(9HOA MATRIX)

DO 29 J=1M
WRITE(64301 J
WRITE(699)

WRITE(6s31)

MANOVA CONTINUED

s (AlJiK) s K=JeM)

FORMAT({9HOW MATRIX)

PO 32 J=1sM

WRITE(6330)Js(B(JsK)sK=JsM)
WRITE{4 1021 (B lJsK) ekadeM)

REWIND 4
WRITE(&s9)

CALL MATINV(C

sMyDET)

DISPERSION MATRIX STORED ON DISK FILE.

WRITE{641006!

FORMAT (*Q0C MATRIX')

DO 33 J=1M
WRITE(6+30) s (ClUaK)aK=U9M)
WRITE(6918) DET

HILOG={EN=~EK]} * ALOG (DET)
XMM=H1LOG=H1LCGS

Fl=e5 % (EK=1e0) #* EM # (EM+1e0]

AlA=(FALS={1e0/{EN=EK} )% { {240 % (EMH#EM))+{3.0 % EM)=1,0)}

Al=AlA/(&sD %

(EK =~ 1,0}

A2=(GA1S =(1e0 /(EN=EK)##2)) #
C/lBe0 % (EK=140))

DIF=A2=A1 # A
[F(DIF) 24924

1
425

24 F2=(Fl+240)/({Al # Al=A2)
Bl=F2 / (140 =Al+{240/F2))

F=if2 » XMM}

/LF1 #

(Bl = XMM)})

# {(EM+140Q))

((EM=140) * (EM+2,0))

69V



MANOVA CONTINUED

GO TO 45
25 F2=(F1l+240)/DIF
Bl=F1l / (le0=Al = (F1 / F2))
F=XMM/B1
45 NDF1sFl
NDF2=F2
WRITE(&926) XMMyF
26 FORMAT(47HOFOR TEST OF H) (EQUALITY OF DISPERSICNS), M = FlQe3»
ClOH AND F = F1043)
WRITE(6927) NDFlsNDF2
27 FORMAT(15HOFOR Fy NDF1l = 3, 12H AND NDF2 =2 9}
WRITE(&99)

N1=EKG=140
N2=EN=EKG
WRITE(&+9)
WRITE{(6940INL1IN2
40 FORMAT{34HOUNIVARIATE F=RATIOS» WITH NDF1 = I3s12H AND NDF2 = 161
WRITE{&+9)
WRITE(&r4])
41 FORMAT({71HOVARIABLE AMCNG MEAN 50 WITHIN MEAN 5Q F=RATIC
C ETA SQUARE)
DO 42 J=1lM
ETASQ=A(JsJ) 7/ (A{Jrd) + B(Jsd))
AMS=A(Jsd) / (EKG=140)
WMS=B({JsJd) / (EN=EKG)
FaAMS /WMS
42 WRITE(6943)JsAMSsWMSHIFsETASQO
43 FORMAT(SX!IB05X!F902illxIF9|2'IOX!F702’SX0F5.4I
WRITE(&+9)

CALL MATINV(BsMaDETW!

DETW 1S DETERMINANT OF POOLED=SAMPLES DEVIATION SS5CP MATRIXs W,
CALL MATINVIDIMDETT) _

DETT Is DETERMINANT OF TOTAL SAMPLE DEVIATION SSCP MATRIXs T,

oLV



MANOVA CONTINUED

XL=DETW/DETT

YL=1a0=X0L

WRITE(6946IXLYL
46 FORMAT('OWILKS LAMBDA = ' pF7ady! GENERALIZED CORRELATION RATIC

1 ETA SQUARE = '4F5e4}

IF(M=2)4T794T7 949
47 IF(KG=3) 48448949
48 YL=XL

Flz2,0

F22EN=3,40

GO TO 50 : :
49 SL=SQRT{((EM * EM) # ((EKG = 1s0)%%2) = 4,0} / ({EM * EM} +

2 {(EKG = 1e0)%%2] = 540))

YL=aXL ## (140 / SL!

PL=(EN=140) = [(EM+EKG) / 220)

QL==([EM #{EKG =140)}=240) / 440

RLE{EM # [EKG=140)) 7/ 240

Fl=2.0 * RL
F2=(PL * SL)+(24,0 * QL)
50 N1=F1l
" N2=F2
Fal(leO=YL) / YL} # (F2 / F11
WRITE(6»51) F
51 FORMAT({45HOF=RATIQO FOR H2s OVERALL DISCRIMINATIONs = FOe2)
WRITE{&+52) NlsN2
52 FORMAT('ONDF1 = '41I3s!' AND NDF2 = 1,19}
WRITE(&s9! ‘
KC=0
CALL DISsCMX
GO TO 1
53 STOP
END

TV
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Avnd

MATINV

SUBROUTINE MATINVIASMSDET)
DIMENSION A(20920) o IPVT{100)sPVTI100)sIND(100s2}
DET=1.

DO 1 J=1sM

IPVT({J}=0

OO 10 I=laM

AMAX=0,40

DO & J=1laM
IF(IPVYTI(JI=1124592

DO 6 K=1lM
IF(IPVT(KI=1)345420
[FIABS{AMAX ) ~ABS(A(JsK) ) 144545
IROW=J

ICoL=K

AMAX=A{ JoK)

CONTINUE
IPVTIICOL)=IPVTIICOL)+]
IFIIROW=ICOL)B896
DET==DET

DO 7 L=leM

SWAP=A{ IROWsL)
ALIROWsL)=A({ICOLsL)
AULICOLsLI=SWAP
IND{Is1}sIROW
INDITI#»2)=ICOL
PYT(I)=A{ICOLYICOL)
DET=DET#PVT(1)
ALICOLyICOL)=1,

DO 9 LaleM
AfICOLL)I=ALICOLIL)/PYTI(L)
O 10 L1=1M
IF{L1I=-ICOLI11s10911
SWAP=A(LL1,ICOL)}
ALLL1»ICOL}=040

iy



12
10

13

20

MATINV CONTINUED
PO 12 L=l
AfL1»L)=A{LLoL)=ATICOL oL ) #SWAP
CONTINUE
PO 20 I=1sM
L=M+l=]
IFCINDIL 1) =INDILP21)13920013
IROW=IND{Ls1)
ICOL=IND{LsZ)
DO 20 K=lM
SWAP=A{Ks IROW)
ALKy IROWI=A(KICOL)
AlKsICOL)=SWAP
CONTINUE
RETURN
END

ELY



SPLIT

ADD1
ADDZ2
COUNT
LOOP

XR1
XR2

SPLIT

ENT
bC

S5TX
STX

STX:

LDX
LD

STO
LD

570
LD

SLA
STO
57O
MDX
STX
LDX

LDX.

LDX
SLT
LD

RTE
sLT
STO
MDX
SLA
SLT
STO

‘MDX

MDX
MDX
MDX
LDX
LDX

- AP e

Il
Il
Ll

L2
L3

n N

SPLIT
)
XR1+1
XRZ2+]
XR3+}
SPLIT
0
ADD1+1
1
ADD2+1
2. }

1

2
COUNT+1
3
BACK+1
"5 -
==
W

le

o]

16

8

0

-1

l6

8

0

-1

~1

-2
LOCP

W -
-
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SPLIT CONTINUED

XRO  LDX:
BACK BSC
END

SSrasvd TvNerad-

RIFIVOD 8003 I

L3 %=

L

-

YA



HALF

ADD1
ADD2
COUNT
LOOP

XR1
XR2
XR3
BACK

HALF

ENT
DC

S5TX
STX
STX
LDX
LD

ST0
LD

§TO

5TO
SLA
570
MDX
STX
LDX
LDX
LDX
LD

SRT
570

XCH -
SRT:

STO
MDX
MDX
MDX
MDX
LDX
LDX
LDX
B5C
END

o ) N

Il

Il

Ll
L2
L3

HALF
-
XR1+1
XRz+1
XR3+]
HALF

0
ADD1+1
1
ADD2+1
2 .
COUNT+1
1

2

3
BACK+1
3 -
=
-

*

O wo
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